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ABSTRACT
Analysis of West Virginia Department of Environmental Protection (WVDEP) agency’s Stream
Condition Index and habitat assessment data compared two cycles of data. Geographic
Information System (GIS) was used to develop a kriging model to project scores. Scores were
calculated for Hydrologic Unit Code (HUC) eight and ten using Zonal statistics. The Getis-Ord
Gi Star was used to identify high and low value clusters. Land use and impervious surface data
was gathered from the United States Geological Survey (USGS) to assess impacts to watersheds.
The results for WVSCI and habitat assessment showed that there was an improvement between
cycles. Negative WVSCI trends were associated with human impacts. The percent impervious
surface increased between cycles and the land use changed by 0.57 percent. The findings
suggested that WVSCI scores increased as macroinvertebrate habitats improved. The land use
and impervious surface study showed that stability in watersheds correlated to healthier
macroinvertebrate populations.
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CHAPTER 1
INTRODUCTION
Purpose
Clean water is perhaps the most precious and endangered of Earth’s commodities. To
quote the Environmental Protection Agency, “We all live in a watershed – the area that drains to
a common waterway, such as a stream, lake, estuary, wetland, aquifer, or even the ocean – and
our individual actions can directly affect it. Working together using a watershed approach will
help protect our nation’s water resources.” Developing analytical tools to further our
understanding of the forces that shape our streams, rivers, and watersheds is of great importance.
The value of geospatial analysis is summarized in the following statement from the
Department of Environmental Protection (DEP): “[Probabilistic (Random) Monitoring Program]
utilizes sites that are selected randomly. The data collected at these sites can be subjected to
statistical analysis to provide estimates of conditions of wadeable streams within a watershed,
ecoregion, or statewide.” ArcGIS was used in this study to analyze data from the WVDEP
random sampling program and to investigate changes that have taken place in the state.
In this thesis, data sets from two main sources were used to model changes in watersheds
throughout the state. The macroinvertebrate study and habitat assessment conducted by the
WVDEP and the land use and impervious surface data set made available by the United States
Geological Survey (USGS) were combined with ArcGIS to map the condition of watersheds in
the state of West Virginia. The goal of this thesis was to investigate what random sampling sites
can tell us about the overall condition of the state and how the environment relates to the health
of our streams, rivers, and watersheds.
1

Clean Water Act
The Federal Water Control Act of 1948 was the
beginning of government regulation of water quality.
The legislation underwent significant renovation with
the 1972 amendments and became known as the Clean
Water Act (CWA). President Carter signed a second
round of corrections to the CWA in 1977 to “reaffirm
our national commitment to protect the quality of our
waters and the health of our people.”

Navigable waters is defined by
the act as “the waters of the
United States, including
territorial seas.” EPA’s
regulations define the term
waters of the United States to
include all of the following:






Significant changes to the Clean Water Act
included:





Delegation of authority to the
Environmental Protection Agency (EPA)

Waters used in
interstate commerce
Interstate waters
Interstate lakes, rivers,
streams, wetlands, etc.
Impoundments and
tributaries of waters
within these first three
categories; and
Wetlands adjacent to
waters within these
categories

(Environmental Law Handbook)

to establish and implement pollution
control programs.


Made it illegal for any person or industry to release pollutants from point sources
into navigable waters without a National Pollution Elimination System (NPES)
permit. The CWA defines its terms very loosely. ‘Pollution’ can include anything
from warm water to sediment and ‘navigable waters’ encompasses wetlands,
marshes, and areas submerged for only part of the year.



Set up a pollution regulation paradigm.
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Made funding available for the construction of sewage treatment plants.



Acknowledged the danger posed by nonpoint source pollution and called for
further action.

Other modifications were made in 1981 and 1987 to delegate construction grants to the states
under the State Water Pollution Control Revolving Fund or Clean Water State Revolving Fund
(Legal Information Institute).
In the years following the amendments of 1972, the EPA and state agencies focused
primarily on the chemical side of water quality and aimed regulatory measures at known point
sources including sewages plants and factories. Less obvious sources of pollution including
farms, urban runoff and construction sites garnered little attention.
Starting in the late 1980s, scientists and regulatory agencies took a more holistic
approach to the management of ecological integrity. Water quality assessments now included
physical and biological measurements and more attention has been given to nonpoint and wet
weather point sources of pollution (EPA 2015).
The evolution of the understanding of water quality issues has been accompanied by
partner advances in technology. Programs such as geographic information system (GIS) offer a
unique view of watersheds which will aid in pollution prevention and the repair of impaired
streams in the future.
West Virginia Department of Environmental Protection
In keeping with the federal directives established by the Clean Water Act, state agencies,
including the West Virginia Department of Environmental Protection (WVDEP), have made it a

3

prerogative to protect the nation’s natural resources through regulation, pollution management
and research.
Guardians of more than 32,000 miles of streams and rivers (map 1), the WVDEP states
that it is their mission to: “Use all available resources to protect and restore West Virginia’s
environment in concert with the needs of present and future generations.” Additionally, the
agency strives to, “preserve, protect, and enhance the state’s watersheds for the benefit and
safety of all its citizens through implementation of programs controlling hazardous waste, solid
waste and surface & groundwater pollution, from any source (WVDEP 2006).
Biomonitoring in West Virginia: Wadeable Benthic Assessment Form
The Clean Water Act required monitoring of water quality and charged the United States
Environmental Protection Agency (U.S. EPA) with this task. The U.S. EPA delegated
responsibility to state agencies and in West Virginia, this was given to the West Virginia
Department of Environmental Protection. In 1997, the DEP issued a protocol developed for the
multimetric assessment of watersheds based on habitat, water chemistry, and benthic organisms
(Gerritsen et al. 2000). The DEP program used a five year cycle to assess all the watersheds in
West Virginia (map 2), yielding two complete cycles and a partial third. Samples were collected
from three different types of sites. The first were reference sites which were assessed yearly.
The second type of sample sites were randomly selected from first to fourth order streams. The
third type were Total Maximum Daily Load, TMDL, sites that were used to monitor
environmental influences on different streams. The randomly sampled sites were selected to
assess the general health of the watershed.
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The data for cycle one was collected between April and October from 1997 to 2001. First
through fifth order streams were given equal weight and the WVDEP used a rotating basin
schedule (map 3). Twenty-five of the 32 HUC 8 were sampled. The state used a 2-square meter
sampling protocol. Map 4 shows sampling sites for cycle one.
Several changes were made for cycle two sampling which was conducted between 2002
and 2006. The window for sampling was narrowed (April through July) to off-set late summer and
fall seasonal droughts. First order streams were given the most weight (65%) because there are a
larger number of first and second order streams and because many first order streams were dry.
The weights for the remaining orders were second order (18%), third order (11%), and fourth order
(6%). Fifth order streams were not sampled. Statewide sampling was conducted in place of the
rotating basin schedule. Because the smallest of the HUCs were combined with adjacent
watersheds, 32 of the 32 HUC 8s were sampled (map 5). Finally, a 1-square meter sampling
protocol was used.
The DEP developed the Wadeable Benthic Stream Assessment Form (WAB) in order to
sample wadeable streams and rivers throughout the state. The form is broken into several parts:


Site Verification



Activities and Disturbances



Physical and Sediment Characterization



Field Water and Riparian Vegetation Zone Measurements



Rapid Habitat Assessment for Riffle/Run



Benthic Aesthetic and Remoteness Ratings



Wildlife Observations
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Benthic Macroinvertebrate and Periphyton Collection Information



Landowner/Stakeholder Information and Photographs

Land Use and Impervious Surface
A natural landscape -- unaltered by human interference -- acts as a filtration system for
watersheds. Rain water must percolate through vegetation and soil before it reaches streams and
rivers so it is cleared of impurities. Contoured topography and the permeability of the soil slow
the flow of runoff and precipitation preventing sudden flooding of local watersheds. Impervious
cover, the byproduct of urbanization, disturbs the natural balance of the water cycle with serious
repercussions for watershed health.
Impervious cover is defined as any surface which cannot absorb water or be penetrated
by rain including asphalt, roads, sidewalks, parking lots and rooftops. Studies show a direct
correlation between expansive impervious cover and the decline of watersheds. The Center for
Watershed Protection research indicates that streams become stressed in areas where impervious
cover exceeds 10 percent. The CWP’s Impervious Cover Model (ICM) predicts that an
impervious cover exceeding 25 percent correlates to extreme watershed degradation.
Impact of Impervious Cover
Urban development has significant hydrological consequences. As the percentage of
impervious cover increases, stream base flow decreases while precipitation run-off, peak flow,
and stream flashiness increase. In highly developed parts of Delaware, for instance, the National
Weather Service reports that flash floods can occur with a miniscule 2.2 inches of precipitation
over the course of 6 hours. The rain water has nowhere to go and runs straight into local
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waterways. Similarly, the CWP estimates that the size of one-hundred-year floods may double in
areas with impervious cover exceeding 20 to 30 percent.
The rapid oscillation between flood and drought conditions has chemical, physical, and
biological implications for watershed health. Increased impervious surfaces – the product of
commercial and business district, industrial, and residential land use – results in an increase in
bacteria, nutrients, pathogens, and sediment deposited in water bodies since the natural soil filter
is bypassed by precipitory run-off. Physically, increased impervious cover is associated with a
decrease in bank stability, an increase in large, woody debris (LWD), channel roughness, and an
overall decline in biotic habitat quality. The degradation of aquatic habitat corresponds to a
decrease in species diversity and an increase in the population of pollution tolerant species.
Significance for Aquatic Insect Populations
Since benthic macroinvertebrates form the base of the aquatic food chain, their
abundance, diversity, and species interactions have considerable impact on higher level
organisms and overall stream health. The Center for Watershed Protection notes that the feeding
dynamic in unimpaired streams is considerably different from those in highly urbanized areas.
Undisturbed streams are dominated by aquatic insects that shred leaf litter, filter or collect
organic material or prey on other insects. In impaired streams, grazers, collectors, and deposit
feeders are in the majority (Watershed Research Monograph No. 1).
Most studies, beginning with Klein (1979), demonstrate a decline in benthic diversity in
streams where watershed impervious cover exceeds 10 percent. Klein found that, below 10%
cover, headwater streams had “good” to “fair” aquatic insect populations. An IC above 12% was
associated with “poor” diversity of benthic organisms.
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Another early study, conducted by Maxted and Shaver (1997), found that an enormous
90% of sensitive EPT species disappeared from aquatic insect populations in Delaware streams
when IC was greater than 10 to 15 percent.
A more recent study of Maine watersheds found that although a less than 5% IC was
associated with rich EPT taxa, there was no significant difference in EPT metrics between six
and 27% IC (Chandler 2003).
Research on the impact of impervious cover below 10% is conflicted and obscured by
other influences on aquatic organisms such as pollution and riparian integrity. For instance, a
study conducted in Northern Virginia showed the habitat decline starting with very low
percentages of impervious cover. However, degradation was most pronounced where
developments were antiquated (Fairfax County Department of Public Works 2003). For more
discussion on the impact of IC on aquatic insects, see Impact of Impervious Cover on Aquatic
Systems (Watershed Research Monograph No. 1).
Impact of Other Developmental Influences on Benthic Communities
The impact of various types of land use and urbanization on benthic communities is welldocumented in a number of studies. For instance, a study of Valley Creek and tributary, Little
Valley Creek, in Valley Forge, Pennsylvania, found populations of benthic macroinvertebrates
and fish in the urbanized portions of the watershed were pollution-tolerant species. Rural,
undeveloped portions of the water had declining, pollution-tolerant species and increasing less
tolerant species (Amphipoda, Ephemeroptera, and Trichoptera) (Kemp and Spotila 1997).
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Habitat Assessment
Habitat refers to the physical and chemical components of the instream, the quality of the
riparian zone and the interaction of the constituent parts with the resident biome. Habitat
assessment is of utmost importance because degradation of a habitat invariably correlates to a
breakdown in aquatic system structures. Additionally, an impaired habitat may mask issues
related to pollution and environmental toxicity and slow efforts to address these problems.
The search for an inexpensive, but scientifically accurate, means of assessing habitat
health began in the 1980s. Miles of unassessed streams necessitated test procedures which would
offer quick answers to facilitate decisions regarding the management of the nation’s natural
resources. Rapid Bioassessment Protocols (RBP) were developed through a collaborative effort
of state water quality agencies and monitoring programs. The Rapid Bioassessment Workgroup,
including scientists from the U.S. Environmental Protection Agency (USEPA) and agencies from
several states, met in the late 1980s1 to draft RBP protocols which have since been tested
extensively in every state in the United States (Barbour et al. 839-50).
The West Virginia Department of Environmental Protection (WVDEP) uses the rapid
habitat assessment form -- an adaptation of the EPA’s Rapid Bioassessment protocols – to
analyze wadeable streams and rivers. The form focuses on ten parameters as indicators of habitat
health. Each parameter is divided into categories (optimal, suboptimal, marginal and poor) and is
given a score between zero and twenty. The parameter scores are added together for a total habit
score. An optimal stream has a cumulative score between 200-160; suboptimal 159-110;
marginal 109-60; and poor 59-0.
The ten parameters are listed and described below:
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1. Epifaunal Substrate/Available Fish Cover
Stones and snags are examples of epifaunal cover which offer refuge and niche space for biotic
organisms including insects and snails. Rocks, logs, branches and other submerged features are a
safe place for insect larvae to attach and develop so abundant epifaunal substrate supports a
diverse and healthy benthic community (Jaehnig and Lorenz 2008). Embedded rocks are
particularly critical as niche space in high gradient streams (table 1).
An abundance of submerged trees, logs, boulders and undercut banks are similarly necessary as
cover for fish to feed, lay eggs, or take shelter and consequently promote aquatic diversity
(figure 1 and 2).
Optimal

Greater than 70 percent of substrate favorable for epifaunal colonization and
fish cover; mix of snags, submerged logs, undercut banks, cobble or other
stable habitat and at a stage to allow full colonization potential (i.e., logs and
snags that are not new fall and not transient.)

Sub-Optimal

40 to 70 percent of substrate mix of stable habitat; well suited for full
colonization potential; adequate habitat for maintenance of populations;
presence of additional substrate in the form of new fall, but not yet prepared
for colonization (may rate at high end of scale).

Marginal

20 to 40 percent mix of stable habitat; habitat availability less than desirable;
substrate frequently disturbed or removed.

Poor

Less than 20 percent stable habitat is obvious; substrate unstable or lacking.

Table 1: Epifaunal Substrate.
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Figure 1: Illustration of Optimal Epifaunal Substrate/Available Cover.

Figure 2: Illustration of Poor Epifaunal Substrate/Available Cover.
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2. Embeddedness
Fish and macroinvertebrates need easy access to stream bottom rocks for shelter and spawning
and incubating eggs. For instance, in their analysis of the Clinch and Powel watersheds in
Virginia, Diamond et al. observed that land use corresponded to high substrate embeddedness -the extent to which rocks are covered with silt, sand, gravel, or other sediment -- and low index
of biotic integrity (IBI) scores and diminished EPT richness (2002).
For this metric, visual estimates are made of the percent embeddedness by observing the amount
of sediment surrounding rocks and the dark discoloration on the side of submerged structures
(table 2). Rocks which cannot be dislodged from the stream bottom with kicking are highly
embedded and indicate significant habitat impairment (figure 3 and 4).
Optimal

Gravel, cobble and boulder particles are between 0 and 25 percent surrounded
by fine sediment; layering of cobble provides a diversity of niche space.

Sub-Optimal

Gravel, cobble and boulder particles are between 25 and 50 percent
surrounded by fine sediment.

Marginal

Gravel, cobble and boulder particles are between 50 to 75 percent surrounded
by fine sediment.

Poor

Gravel, cobble and boulder particles are over 75 percent surrounded by fine
sediments.

Table 2: Embeddedness.
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Figure 3: Illustration of Optimal Embeddedness.

Figure 4: Illustration of Poor Embeddedness.
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3. Velocity/Depth Regimes
The river continuum concept, proposed by Vannote et al., suggests that as the physical
characteristics of a stream change from headwaters to mouth, so do the responses and patterns of
biotic organisms. Unimpaired, high gradient streams have a combination of four types of current
and depth patterns: 1) Slow current/deep water 2) Slow current/shallow water 3) Fast
current/deep water 4) Fast current/shallow water. Depth is defined as greater than 0.5 meters and
fast refers to a flow greater than 0.3 meters per second. An unaltered gradient of stream
conditions allows for the use, transportation, and storage of organic material along the entire
length of the channel (1980) (figure 5 and 6) (table 3).
Optimal

Slow (<0.3 m/s), deep (>0.5 m); slow, shallow (<0.5 m); fast (>0.3 m/s), deep;
fast, shallow habitats all present.

Sub-Optimal

Only three of four habitat types present (if fast-shallow is missing, score lower
than if other types are missing).

Marginal

Only two of the four habitat types are present (if fast-shallow or slow-shallow
are missing, score low).

Poor

Dominated by one velocity/depth regime (usually slow-deep).

Table 3: Velocity and Depth Regimes.
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Figure 5: Illustration of Optimal Velocity/Depth Regimes.

Figure 6: Illustration of Poor Velocity/Depth Regimes.
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4. Channel Alteration
Meandering stream patterns offer diverse natural habitats for macroinvertebrates, fish, and plants
(Vannote et al. 1980). When streams are altered for the sake of urban and agricultural
development, habitat health is seriously compromised (Baier et al. 1998, Coppedge et al. 1995).
Examples of channel alteration include artificial embankments, concrete-lined channels, riprap,
artificial bank stabilization, long stretches of straightened stream, impoundment, bridges, and
other man-made constructions. Even in the case when artificial structures (e.g. K-dams) benefit
benthic organisms, the channel alteration parameter should be duly ranked (figure 7 and 8) (table
4).
Optimal

Channelization or dredging absent or minimal; stream with normal pattern.

Sub-Optimal

Some channelization present, usually in areas of bridge abutments; evidence of
past channelization, i.e. dredging, (>than past 20 years) may be present, but no
evidence or recent channelization.

Marginal

Channelization may be extensive; embankments or shoring structures present
on both banks; and 40 to 80 percent of the stream reach channelized and
disrupted.

Poor

Banks shored with gabion or cement; over 80 percent of the stream reach is
channelized and disrupted. Instream habitat greatly altered or entirely
removed.

Table 4: Channel Alteration.
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Figure 7: Illustration of Optimal Channel Alteration.

Figure 8: Illustration of Poor Channel Alteration.
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5. Sediment Deposition
Watershed erosion can cause large-scale movement and deposition of sediment that changes the
natural shape and character of streams. Movement and increased deposition make the
environment precarious and unstable for insects, fish, and other inhabitants (Cover et al. 2008).
Sediment deposition is a measurement of the sediment accumulated on the stream bottom as well
as observations about alterations to the channel’s contour. Examples of shape changes include
sediment islands, point bars, filled pools, and shoals. Increased deposition may be particularly
conspicuous around debris, man-made structures and bends in the stream.
Sediment deposition measurements are taken in pools and slow water only to keep the parameter
distinct from embeddedness (figure 9 and 10) (table 5).
Optimal

Little or no enlargement of island or point bars and less than 5 percent of the
bottom is affected by sediment deposition.

Sub-Optimal

Some new increase in bar formation, mostly from gravel, sand, or fine
sediment; 5 to 30 percent of the bottom is affected; slight deposition in pools.

Marginal

Moderate deposition of new gravel, sand or fine sediment on old and new bars;
30 to 50 percent of bottom is affected; sediment deposits at obstructions,
constrictions and bends; moderate deposition in pools prevalent.

Poor

Heavy deposits of fine material; increased bar development; more than 50
percent of bottom is frequently; pools almost absent due to substantial
sediment deposition.

Table 5: Sediment Deposition.
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Figure 9: Illustration of Optimal Sediment Deposition.

Figure 10: Illustration of Poor Sediment Deposition.
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6. Riffle Frequency
A riffle is a short stretch of shallow, high velocity, high turbulence stream. Riffles are essential
for pool formation and offer rich variety and diverse fauna. Additionally, areas of turbulent flow
mix air (21% oxygen) with water (1% oxygen) elevating the dissolved oxygen of the waterway
considerably (“Dissolved Oxygen in Streams”). High frequency is ideal for stream health.
Riffles are quantified and classified for this parameter (figure 11 and 12) (table 6).
Optimal

Occurrence of riffles is relatively frequent; ratio of distance between riffles
divided by the width of the stream is <7:1 (generally 5 to 7); variety of habitat
is key in streams where riffles are continuous; placement of boulders or other
large natural obstruction is important.

Sub-Optimal

Occurrence of riffles is infrequent; distance between riffles divided by the
width of the stream equals 7 to 15.

Marginal

Occasional riffle or bend; bottom contours provide some habitat; distances
between riffles divided by the width of the stream is between 15 to 25.

Poor

Generally all flat water or shallow riffles; poor habitat; distance between riffles
divided by width of the stream is greater than 25.

Table 6: Riffle Frequency.
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Figure 11: Illustration of Optimal Riffles/Bends Frequency.

Figure 12: Illustration of Poor Riffles/Bends Frequency.
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7. Channel Flow Status
When water levels are low, previously submerged substrate is no longer available as niche space
for biotic organisms. Channel flow status simply measures water level in a stream. Artificial
disturbances which might impair channel flow include the construction of dams and other
structures and the redirection of water for agricultural purposes. Channel flow may also decrease
if the channel widens. Even long-standing point source disturbances such as culverts can alter
can influence benthic taxa abundance (Khan and Colbo 2008) (figure 13 and 14) (table 7).
Optimal

Water reaches the base of both banks and a minimal area of channel substrate
is exposed.

Sub-Optimal

Water fills more than 70 percent of the available channel; or less than 25
percent of the channel substrate is exposed.

Marginal

Water fills 25 to 75 percent of the available channel; and/or riffle substrates
are mostly exposed.

Poor

Very little water in channel and mostly present as standing pools.

Table 7: Channel Flow Status.
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Figure 13: Illustration of Optimal Channel Flow Status.

Figure 14: Illustration of Poor Channel Flow Status.
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8. Bank Stability
Erosion constitutes the number one source of waterway pollution nationwide (ILDNR 2015).
Sedimentation due to erosion buries stream bottom substrate and limits available habitat and
niche space. Bank stability is a measurement of erosion or the potential for erosion. Steep banks,
with exception of cliff face and rock, are more likely than sloping banks to erode. Signs of
ongoing erosion include crumbling bank, exposed tree and shrub roots, lack of vegetation and
visible soil. Observations about the age of erosional scars (bank deterioration covered by
vegetation) are included in this parameter too. The right and left sides of the bank are assessed
and scored separately for 100 meters (figure 15 and 16) (table 8).
Optimal

Banks stable; evidence of erosion or bank failure absent or minimal; little
potential for future problems (<5 percent of bank affected)

Sub-Optimal

Moderately stable; infrequent, small areas of erosion mostly healed over; 5 to
30 percent of bank in reach has areas of erosion.

Marginal

Moderately unstable; 30 to 60 percent of bank in reach has areas of erosion;
high potential during floods.

Poor

Unstable; many eroded areas; “raw” areas frequent along straight sections and
bends; obvious bank sloughing; 60 to 100 percent of bank has erosional scars.

Table 8: Bank Stability.
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Figure 15: Illustration of Optimal Bank Stability.

Figure 16: Illustration of Poor Bank Stability.
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9. Bank Vegetative Protection
The ability of a bank to withstand erosion is dependent largely on the net created by plant root
systems. Vegetation supplies shaded habitats to benthic organisms and the presence or absence
of plant life gives some information about the nutrients available in channel waters.
Macroinvertebrates rely on the natural character of streams for sustenance (i.e. benthic functional
groups including shredders, grazers, gatherers, filterers, and predators). They stand at a midpoint in the food chain and play an important role in the movement of materials and in
decomposition. Consequently, a dearth of vegetation affects organisms who prey-on or who are
preyed-upon by benthic organisms (Wallace 1995).
Bank vegetative protection is a measurement of natural vegetation -- including large and small
trees, the herbaceous layer, and large roots -- from edge of the stream bottom floor to the crestover at the top. The top of the bank is the line between the sloping bank and the level flood plain
at the top. Although bank vegetation is desirable for fish and macroinvertebrate populations,
naturally occurring cliff face and rocks is not counted toward a poor parameter score. As with
bank stability, each side of the channel is considered separately for this parameter (figure 17 and
18) (table 9).
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Optimal

More than 90 percent of the stream-bank surfaces and immediate riparian
zones (crest-over) covered by vegetation including trees, understory shrubs
and non-woody plants (herbs, grasses, ferns, mosses); vegetative disruption
through grazing or mowing minimal or not evident; almost all plants allowed
to grow naturally.

Sub-Optimal

70 to 90 percent of the stream bank surfaces are covered by vegetation, but one
class of plant growth potential to any great extent; more than one-half of the
potential plant stubble height remaining.

Marginal

50 to 70 percent of the stream bank surfaces are covered by vegetation;
disruption obvious; patches of bare soil or closely cropped vegetation
common; less than one-half of the potential plant stubble height remaining.

Poor

Less than 50 percent of the stream bank surfaces are covered by vegetation
disruption of stream bank vegetation very high; vegetation has been removed
to two inches or less in average stubble height.

Table 9: Bank Vegetative Protection.
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Figure 17: Illustration of Optimal Bank Vegetative Protection.

Figure 18: Illustration of Poor Bank Vegetative Protection.
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10. Width of Undisturbed Vegetative Zone
A riparian buffer zone –– which includes big and small trees, non-woody macrophytes, and
herbaceous layer in West Virginia – offers protection from pollution and shores up bank
stability. Channel-side vegetation also provides a habitat, nutrients and good thermal conditions
for fish, macroinvertebrates, and other wildlife (USDA). The riparian zone is commonly
impaired by agriculture (i.e. grazing) and urbanization developments such as residential
construction.
This parameter measures the extent to which the vegetative zone has been disturbed by human or
domesticated animal interference. The left and right sides of the channel are analyzed
individually (figure 19 and 20).
Optimal

Width of undisturbed vegetation zone > 18 meters; human activities (parking
lots, roadbeds, clearcuts, lawns or crops) have not impacted this zone.

Sub-Optimal

Zone width is between 12 and 18 meters; human activities have only
minimally impacted the zone.

Marginal

Zone width is between 6 and 12 meters; human activities have impacted the
zone a great deal.

Poor

Width of zone is less than 6 meters; little or no undisturbed vegetation due to
man-induced activities.

Table 10: Width of Undisturbed Vegetative Zone.
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Figure 19: Illustration of Optimal Riparian Vegetative Zone Width.

Figure 20: Illustration of Poor Riparian Vegetative Zone Width.
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Total
Scores for all parameters are added together to assign a category to the channel (Table 11). Map
6 shows total habitat scores for cycle one. Map 7 shows total habitat scores for cycle two.
RBP TOTAL SCORE

CATEGORY

160-200

Optimal

110-159

Sub-Optimal

60-109

Marginal

0-59

Poor

Table 11: Total Habitat Scores for the WVDEP’s Rapid Habitat Assessment Protocols.

Macroinvertebrates
Biological monitoring, or biomonitoring, is the systematic observation of living
organisms to assess water quality and determine the extent of damage done by pollution and
other human interference. The history of biomonitoring extends back to early 20 th century
Germany when scientists Kolwitz and Marsson drew a correlation between the degree of
pollution in rivers (saprobity) and water contamination from sewage. Environmental toxins
deposited in rivers led to a decrease in dissolved oxygen and a dwindling of aquatic life (1908;
Sladecek 1973; Cairns and Pratt 1993).
The methods and practice of biomonitoring continued to evolve through the 20 th century
starting with lists of indicator organisms – taxa which respond in a predictable way to certain

31

environmental stressors – and indicator communities which paved the way for biotic indices used
in North America today (Resh and Jackson; Barbour et al. 2006).
Although fish, algae, and protozoans all represent viable candidates for biomonitoring,
benthic macroinvertebrates are the most common subjects of study. Aquatic insects are uniquely
suited for monitoring because of four characteristics: 1) Macroinvertebrates are omnipresent in
aquatic environments and are consequently exposed to a wide range of stressors and
disturbances. 2) A substantial number of species make up the macroinvertebrate community and
each has a unique response to environmental perturbation. Aquatic insects and other
macroinvertebrates provide a spectrum from extreme pollution tolerance to extreme sensitivity.
3) Compared to fish, macroinvertebrates constitute a relatively sedentary population. The borders
of an environmental disturbance can be determined by observing the distribution of aquatic
insects in a stream or channel. 4) Macroinvertebrates have a long life cycle which allows for
observations about the effects of disturbances on reproduction, population abundance, and
organismal development (Rosenberg and Resh 1993).
As Rosenburg and Resh point out, monitoring macroinvertebrates has its challenges.
Aquatic insects: 1) do not respond to all types of human interference 2) stream conditions such as
changes in current velocity can easily disrupt a previously stable population 3) the distribution
and abundance of aquatic insects changes with the seasons 4) macroinvertebrates may move in
and out of novel environments and 5) identification keys do not exist for all groups of
macroinvertebrates.
Another shortcoming of biomonitoring is that the data gathered is often used in an
isolated fashion to study one sample site. For instance, biomonitoring in West Virginia is most
often used to assess point sources. Point sources are locations where there is a permit to
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discharge waters into the stream. Monitoring the site above the point source and after the point
source indicates the impact of the point source on stream health. However, researchers are
currently investigating the influence of non-point sources on stream health (Merritt and
Cummins et al. 2008). Nonpoint sources are where there are discharges that are not regulated or
are not controllable. For example, the water that washes off a parking lot after a rainfall into a
local tributary is nonpoint source pollution.
Nevertheless, benthic organisms are the best indicator of water quality because they are
present in all aquatic environments and react as a whole to different stressors. Other indices of
water quality such as water chemistry measurements are less reliable. The use of water chemistry
is often only sporadic and consequently does not provide an accurate picture of the water quality
of a system throughout the year. Attempts have been made to solve this problem by employing
river profilers or other continuous monitoring devices, but these instruments are only able to be
used for a set length of time and only can record in intervals. The unavoidable breaks in time
between readings means that spikes in pH or dissolved oxygen are often missed. The second
indices of water quality—habitat—assesses a particular point along the stream which may not be
reflective of the entire stream.
Observation of biota through changing seasons and life cycles offers a dynamic view of
water quality. By way of analogy, biomonitoring can be compared to a live action, video view of
watersheds compared to the snapshot, still images gathered from simple chemical and physical
measurements. Still, successful monitoring programs should employ physical, chemical, and
biological techniques (Barbour et al. 839-50; Rosenberg and Resh 1993; Yoder and Rankin
1998).
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West Virginia Stream Condition Index
The state of West Virginia uses rapid assessment protocols for macroinvertebrate
sampling developed by Tetra Tech (2000) using DEP and EPA data. The West Virginia Stream
Condition Index (WVSCI) combines six benthic organism metrics into a single multimetric
index. Metrics are attributes of biological organisms which change predictably in response to
human disturbance. Tetra Tech chose metrics for aquatic insects based on three criterion: 1)
ability to distinguish between reference and impaired sites. 2) represent one or more of the metric
categories (i.e. taxonomic richness, taxonomic composition, functional feeding group and degree
of tolerance) and 3) minimize overlap between metrics.
After rigorous testing, the metrics selected for West Virginia included:


The sum of the members of the orders Ephemeroptera, Plecoptera, and
Trichoptera in a sample.



The number of taxa in an entire sample.



Percent abundance of the sample belonging to the orders Ephemeroptera (mayfly
nymphs), Plecoptera (stonefly naiads), and Trichoptera (caddisfly larvae).



Percentage of chironomid (midge) larvae pupae.



Percent abundance of the top two most abundant taxa.



HBI (Family biotic index) –Hilsenhoff Biotic Index (HBI) (Hilsenhoff 1988;
Gerritsen
2000).

EPT taxa, total taxa, and percent EPT metrics typically decrease in response to
environmental disturbances. Conversely, HBI, percentage of midge larvae pupae and the
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abundance of dominant taxa increase with an increase in human interference (Gerritsen et al.
2000).
TetraTech standardized all metric values on a scale from 0 (worst) to 100 (best), and then
averaged the samples from all reference sites to finalize the WVSCI. A score of 68.0 was
established as the unimpairment threshold. Streams with a score between 68 and 100 were
considered "good" or “very good” (WVSCI > 78). WVSCI scores between 60.6 and 68.0 were
considered a “gray zone” where biological integrity is questionable. Scores below 60.6 were
considered “poor” or “very poor” (WVSCI < 20) (WVDEP 2009).
Map 8 shows WVSCI scores for cycle one. Map 9 shows WVSCI scores for WVSCI
scores for cycle two.
Significance
In the decades since the Clean Water Act was signed into effect, the EPA working in
collaboration with state agencies has made great progress in developing protocols to assess and
maintain ecological integrity. The impact of protocols such as the WAB form and the WVSCI
extends beyond mere maintenance of the environment, however. There is mounting evidence to
suggest that ecological integrity is inseparably tied to human health (Perera 2004; Zullig and
Hendryx 2010).
In the Appalachian Mountains, watersheds are of particular concern due to abandoned
coal mine non-point pollution. For instance, Hitt and Hendryx (2010) demonstrated a
relationship between watershed health (as established by benthic macroinvertebrate populations
and SCI metrics) and human cancer mortality rates. The study found that rates of respiratory,
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digestive, urinary, and breast cancer increased with a corresponding increase in human influence
and environmental disturbances.
The data collected by the WVDEP has not been assessed for geospatial trends and changes
within the state (Longley et al. 2001). A better picture of the overall quality of water in the state
might be obtained through the use of GIS and an array of methods, mapping, and vector and
raster analysis. Predictive modeling developed with these tools may assist the state in preserving
its watersheds and protecting the health of its citizens in years to come.
Kriging
Macroinvertebrate sampling, water chemistry and habitat monitoring alone give an
incomplete picture of watershed health. Due to the limits of time and money, sampling is
conducted at intervals which leaves holes in the data. Although data loggers have improved the
completeness of the water chemistry data, biomonitoring alone is a static view of dynamic
aquatic relationships. Interpolation (prediction) techniques fill in missing information providing
a more holistic view. Kriging, named for engineer Danie G. Krige, is a type of interpolation in
which data gathered from known locations is weighted and used to make predictions about
unknown locations. The benefit of kriging is that, “…it provides an easy method for
characterizing the variance, or the precision, of predictions. Kriging is based on regionalized
variable theory, which assumes that the spatial variation in the data being modeled is
homogeneous across the surface. That is, the same pattern of variation can be observed at all
locations on the surface.” (“Kriging”)
Kriging occurs in several steps: 1) Collection and statistical analysis of data (for the
purpose of this thesis, the data provided by the WVDEP) 2) Variogram modeling 3) and
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estimating the values of unknown locations based on the variogram model. A variogram is a
model which shows the difference between point A and point B based on their spatial
relationship. It is useful for determining the consistency of a body of data from one point to the
next. The general formula for interpolation including inverse distance weighting (IDW) and
kriging is shown in figure 21.

𝑁

𝑧̂ (𝑠𝑂 ) = ∑ 𝜆𝑖 𝑍(𝑠𝑖 )
𝑖=1
𝑍(𝑠𝑖 ) = the measured value at the ith location
𝜆𝑖 = an unknown weight for the measured value at the ith location
𝑠𝑂 = the prediction location
𝑁 = the number of the measured values

Figure 21: Kriging Illustration.
37

With IDW, the influence or weight of a point depends on its proximity to the center of the
cell being estimated. For instance, when interpolating the influence of impervious surfaces on
watershed health, a distant town would have less weight than a nearby shopping center.
By contrast, kriging generates unknown weights based on the spatial relationship between
points as well as their distance from each other and the prediction points. Autocorrelation is the
kriging feature which allows for an assessment of the relationship and arrangement of known
points. The benefit of kriging – which sets it apart from other methods of interpolation -- is that it
provides a way to analyze the precision of predictions.
The accuracy of kriging makes it useful in a variety of areas. For instance, Umer et. al.
found that spatial correlation could be used to accurately predict the physical phenomena
occurring within coverage holes which result from the failure of wireless sensor networks
(WSNs). WSNs are used in numerous ecological monitoring projects, so a precise means of
filling in missing information saves time, money, effort, and potentially human lives (2009).
Murphy, et. al. studied the relative efficacy of IDW versus kriging and universal kriging
in a study of archived water quality data (salinity, temperature, and dissolved oxygen) gathered
by the Chesapeake Bay Environmental Observatory between 1985 and 1994. They found that the
kriging methods were superior to IDW for all parameters and depths (2010).
Kriging is useful for the study of benthic populations, too. Muotka et. al. used
interpolation techniques to map the spatial relationship between brown trout and Arctic bullhead,
macroinvertebrate prey, and habitat features such as available vegetation, water velocity, depth,
and substrate size (1999).
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Kriging was chosen for this project because it is best suited for representation of the
complex relationship between macroinvertebrates and their environment and the overall
dynamics which influence watershed health.
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CHAPTER 2
METHODS
Data Collection
Federal and state data bases were queried to gather the raw data used to assemble the
final products. The data was made available through the Freedom of Information Act.
Foundational feature data (FFD) was gathered from a variety of sources through the Integrated
Science and Technology Department at Marshall University. The FFD included shape files for
watersheds, rivers and streams, roads, and cities. The data was processed to rectify the
geographic coordinate systems as GCS_North_American_1983 and the projection coordinate
system as NAD_1983_UTM_Zone_17N with the tip of the eastern panhandle falling into the
18N. The watershed shapefiles had to be merged based on the HUC 8 watershed names in order
to report on HUC 8 and HUC 10 watersheds. The data collected had to be comparable within
ArcGIS so that the final product could be assessed.
The primary database, the WVDEP Wadeable Benthic Stream Assessment database,
contained data from annually conducted random sampling including information about habitat
and macroinvertebrate populations. Querying the WVDEP database yielded the random sample
sites from across the state. The database was converted from an Oracle database into a Microsoft
access database in order for the information to be integrated into ArcMap 9.2. After the query of
the WVDEP was complete, additional queries within the access database were necessary to relate
the different work pages together and correlate each sample site with the appropriate
geocoordinates.
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Data Manipulation
The majority of the FFD were used for reference during analysis. The two main
shapefiles used throughout the study were the HUC8 (sub-basin) and HUC10 (watershed) files.
The FFD HUC8 sub-basin shapefile had to be modified from the existing HUC10 watershed
shapefile. The HUC 10 file was modified using the “Dissolve” tool in ArcGIS to create a
shapefile based on the field “FNAME” in the HU_10dig_utm83.shp. The “Dissolve” tool was
located in the ArcToolbox > Data Management > Generalization > Dissolve. The two shapefiles,
the first HUC10 and the dissolved HUC8, formed the base for all the information added to the
vector files from different data sources.
Wadeable Benthic Stream Assessment Form
The access database was queried for the random sample sites and the fields for habitat
and WVSCI and then imported into ArcMap. Separate shapefiles were produced based on the
sample cycle. Map 10 shows the projections of all random sample sites for cycle 1 and cycle 2.
The shapefiles could be manipulated in ArcMap to illustrate differences based on a selected
field. For example, maps 4 and 5 show the results of the randomly sampled sites for cycle one
and cycle two respectively. The data is represented by the category scores for habitat assessment.
Kriging
Developing data beyond a simple representation into a model of the overall status of the
watersheds within the state was the next step. The kriging process was used to model the data
from the WVDEP random sampling sites. The main tool in this exploit was the kriging tool
available in the ArcToolbox > Interpolation > Spatial Analysis Tools > Kriging. The tool was
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used to derive unknown points from known point data. Figure 21 illustrates and gives the
equation for kriging. The tool allows the user to specify different fields to be kriged and change
environmental parameters.
The kriging tool was setup to run for each field of habitat and WVSCI for the inputs. The
output surface raster was directed to the geodatabase setup for the raster generated by the kriging
tool. The semivariogram properties were set to spherical. This option was chosen because the
points that were within close proximity would have a greater effect on the predicted scores based
on the geospatial relevance of sites that were found within adjacent watersheds. The output cell
size was set to 30 meters yielding cells that were 900 square meters. The search radius was
variable with a search radius settings of twelve points and a maximum distance of 50 kilometers.
The output raster that the tool generates was a floating-point interpolated surface raster. One
additional change was made in the environment tab. The processing extent was set to the same as
the watershed shapefile to ensure that the model included a projection of the entire state.
The resulting raster file was displayed as stretched. The value was based on the input
value chosen by the user when the file was created through the kriging process. The value field
was changed from the initial max/min of the score to a max/min that the field could depict. Using
the classified tool for projection, the values were grouped into pots based on the categories for
optimal, sub-optimal, marginal, and poor for habitat and very good, good, fair, poor, and very
poor for WVSCI.
The kriging process was not limited by the state borders and so the resulting file extended
to the edges of the defined x and y fields. The next step was to use the extraction tool to modify
the raster file to show only the locations that were intended to be modeled -- the watersheds
within the state. This process was accomplished through the ArcToolbox > Spatial Analyst Tools
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> Extraction > Extract by Mask. There were three fields that had to be filled out. The first was
the “Input Raster” which had to be changed. The next field was “Input Raster or Feature Mask
Data.” This file was the state shapefile. The last field was “Output Raster” which was the
location of the geodatabase used to store the extracted raster files.
Land Use and Impervious Surface Data
Land use and impervious surface data sets were obtained from the United States
Geological Survey using the seamless data download. The two different data sets were five years
apart, the first from 2001 and the second from 2006. Both of these data sets lined up with
collections from cycle one and cycle two. Two different rasters were downloaded for land use
and impervious surface. The first step was to join the two raster files together using ArcToolbox
> Data Management Tools > Raster > Raster Dataset > Mosaic To New Raster. The land use
raster files were added to the “Input Rasters” field. The output location was designated and a
name and file format selected in the “Output Location” and “Raster Dataset Name with
Extension.” The optional field was left blank. The next field was the “Number of Bands” which
was set to one. The resulting raster file was a combination of the two raster files. The next step
was to use the extract by mask function as described above.
The land use had to be further refined by reclassifying some of the categories. This was
accomplished by ArcToolbox > Spatial Analyst Tools > Reclass > Reclassify. The land use for
cycle one was selected for the input raster. Next the “Value” was selected for the reclass field.
Table 12 shows the old values and the new values that were selected. The output raster location
was directed to the receiving folder for storage and the new raster was loaded into ArcMap. The
same process was completed for the cycle two land use raster file.
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CLASS

RECLASSIFIED AS

11

ORIGINAL
CLASSIFICATION
Open Water

21

Developed, Open Space

Developed

22

Developed, Low Intensity

23

Developed, Medium Intensity

24

Developed, High Intensity

31

Barren Land

Barren

41

Deciduous Forest

Forest

42

Evergreen Forest

43

Mixed Forest

52

Shrub/Scrub

71

Grassland/Herbaceous

81

Pasture

82

Cultivated

90

Woody Wetland

95

Emergent Herbaceous
Wetland

Water

Shrub/Grassland

Pasture/Cultivated

Wetland

Table 12: Land Use Reclassification.

The impervious surface data set was downloaded from USGS National Map Viewer. The
impervious surface data sets were collected by the same Landsat. Both 2001 and 2006 data sets
were selected and downloaded. The raster files, like land use, came in two raster files for both
years and had to be mosaicked using the same procedure as outlined for land use raster files.
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After the two raster files had been mosaicked, the resulting rasters were extracted by mask to
yield the completed raster of impervious surface for the state for both cycles.
Raster to Shapefile
The next step was to use the tool “Zonal Statistics as Table” to derive basic statistics for
each watershed – HUC 8 and HUC 10 – from the raster values that had been modeled via the
kriging tool or the raster files from the USGS (impervious surface and land use). Figure 22
shows a representation of zonal statistics. The raster file was overlaid with a shapefile and basic
statistics (maximum and minimum, range, mean, and counts) were calculated for the area of the
shapefile. The result was watershed shapefiles which could be used to depict the added fields.

Figure 22: Zonal Statistics as Table.
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The calculations for the watershed shapefiles were derived by using ArcToolbox >
Spatial Analyst Tools> Zonal > Zonal Statistics as Table. The watershed was loaded into the
input feature zone data field and the field for the sub-basin or the watershed was selected. Each
of the rasters was loaded into the input value raster field. The output table field was directed to
the receiving folder and labeled. The statistics type was left with the default all. The resulting
table was then added to the table of contents in ArcMap.
The last step was to add the fields and use the field calculator to add values for mean and
standard deviation to the HUC8 and HUC10 shapefiles. First, the table was joined with “Joins
and Relates” tool and the watershed field was selected for the field of reference. The attributes
table was opened in both shapefiles. Under the menu tab in the upper left corner the “Add Field”
function was selected and the field was added for each of the desired fields. After the fields were
added, the field title was selected by right clicking to access the menu for the field. Then the
“Field Calculator” was used to select the field from the join for each field. After the calculation
the join could be removed.
Finding the Difference
At this point four different data sets had been collected: WVSCI, habitat, impervious
surface, and land use. Each of these data sets was processed to yield a raster file and fields were
added to the shapefile to accommodate the new information. The next step was to compare
outcomes and analyze the changes between cycles. This process was accomplished in one of two
ways depending on the file type.
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In order to compare the raster data, the “Raster Calculator” was used to subtract cycle
two from cycle one to yield a new raster that showed any increase of score as positive and any
decrease in score as negative. It also showed no change (Figure 23). The process was done
through ArcToolbox > Spatial Analyst Tools > Map Algebra > Raster Calculator. The “Raster
Calculator” allows for rasters to be manipulated by a number of different mathematical formulas.
The simple method for finding change was to subtract cycle one from cycle two and then
designate the output location for the new raster. Cycle one was subtracted from cycle two to have
the product raster file reflect an increase as a positive change and a decrease as a negative
change.

Figure 23: Raster Change as Calculated Using The Minus Tool.
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The process for the shapefiles used the same method as described earlier. A new field
was added in the attribute table and “Field Calculator” was used to subtract cycle one from cycle
two. Figure 24 represents the process and outcome. Once again, the results showed the increase,
decrease, and no change for the different fields.

Figure 24: Shapefile Change as Calculated Using the Field Calculator.

Hot Spot Analysis
Hot spot analysis was used to locate areas within the HUC8 and HUC10 that were
clusters of high or low watersheds and to have statistical confidence assigned to those clusters.
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The tool used was “Hot Spot Analysis (Getis-Ord Gi*).” Gi* projections for each of the fields
was created with this tool. Figure 25 shows the equation. The outcome was a file with three
negative and three positive bins of significance: low and high values at ninety, ninety-five, and
ninety-nine percent confidence.

The Getis-Ord local statistic is given as:
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where xj is the attribute value for the feature j, wi, j is the spatial weight
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Figure 25: Getis-Ord Gi* Statistical Formula.
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The tool used to generate the hot spot analysis was located in the ArcToolbox > Spatial
Statistics Tools > Mapping Clusters > Hot Spot Analysis (Getis-Ord Gi*). The tool used the
HUC8 and HUC10 shapefiles to calculate the z-score for the selected fields. The “Input Feature
Class” was the shapefile and the “Input Field” was the field desired for analysis. The “Output
Feature Class” was the geodatabase to which the resulting shapefile was directed. The
“Conceptualization of Spatial Relationships” was set to “Contiguity_Edges_Corners.” This
directed the tool to use the neighboring watersheds to define the spatial relationships among the
features. The “Distance Method” was set to “Euclidean Distance.” The remaining optional fields
were left blank or defined by the tool. The resulting shapefile was added to ArcMap and
projected based on the bins generated.
Mapping
The map illustrations were broken into two main categories -- one that used raster files
and one that used shapefiles. The types of maps produced were stretched, classified, quartile,
standard deviation, and the Gi*. The processes were similar for both of the file types with a few
differences, see tables 4 and 5. The process for changing the data displayed first access the
property option and then within the symbology tab. The method for displaying maps for rasters
was to select either “Stretched” or “Classified” and then use the “Classify” button to set the
“Method” and the “Break Values” for the bins. The shapefiles used a similar method to display
the maps. The “Quantities” and “Graduated Colors” were chosen to display the selected field in
the “Value” menu. Once the field was chosen, the “Classify” button was selected. Within the
classification option the “Method” could be selected and the “Break Values” could be set in
order to establish the bins. Each map offered a unique perspective on the data and highlighted
points of concern.
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Stretched
The stretched maps were only used to display the results from the rasters. The method for
the projection was to set the maximum and the minimum for the scores possible for the fields
being displayed. Three out of the four data sets used the stretched mapping technique -impervious surface, habitat, and WVSCI. The maps yielded showed that the scales were
comparable between cycles.
Categorized
The categorized maps were used to display both raster and shapefiles. The categories
were defined by either the WVDEP or the USGS with the exception of impervious surface. The
land use categories were projected using the reclassified raster. Both the habitat and the WVSCI
maps used the categories established by the WVDEP. The impervious surface categories were
picked to represent the range of scores and to reflect some of the research as to the effects of
impervious surfaces.
Quartile
The quartile maps used the function in the “Symbology” tab and under the “Classify”
button the “Method” was set for “Quintile.” This mapping function breaks the data into equal
parts. When the data was broken into four parts the quartiles are displayed. This map showed
what a box and whisker plot would illustrated. It also shows the spatial relationship within the
data set.
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Standard Deviation
The standard deviation maps were calculated by finding the mean and the standard
deviation. The calculation of the first and second standard deviations were then calculated. The
values were inputted into the “Break Values” after selecting six classes. The final class was set to
the maximum value to incorporate all the values in the last bin.
Hot Spot Analysis (Getis-Ord GI*)
The Gi* maps calculated the high value and low value clusters into bins based on the
confidence score. The tool assigned each bin a number one, two, or three for high value clusters
and negative one, two, or three for low value clusters. Each of the bins were displayed with
shades of red and blues indicating which bin they belonged to. A tan color was used for
watersheds that did not fall into any of the six bins.
Comparison Between Fields and WVSCI
Categories were used to investigate the relationship between the WVSCI and habitat,
impervious surface, and land use. These categories were both increased, WVSCI increased and
category stayed the same, WVSCI increased and the category decreased, WVSCI decreased and
the category increased, WVSCI decreased and the category stayed the same, and both decreased.
The watersheds were assigned a value of three if the WVSCI increased and negative three
if the WVSCI decreased. The other categories were assigned one if they increased, zero if there
was no change, and negative one if the category decreased. The two numbers were added
together and the resulting numbers were sorted into the groups, see table 13. The results were
mapped using the same steps as before with the bins setup to hold the different categories.

52

Categories
Both Decreased

Value
-4

Category No Change & WVSCI
Decrease

-3

Category Increased & WVSCI
Decreased
Both No Change

-2
0

Category Decreased & WVSCI
Increase

2

Category No Change & WVSCI
Increased

3

Both Increase

4

Table 13: Category Calculations.

53

CHAPTER 3
RESULTS
Overview
The results are represented in 32 different maps. Each of these illustrates differences in
the data sets. Cycle one shows the initial collection within the selected sub-basins for a given
year within the cycle. Cycle two shows a compilation of sampling throughout the five years of
the cycle. The final sets show the difference between the two cycles and the changes that took
place over the course of five years.
Cycle one and cycle two groups have five sets of maps and the difference group has three
sets of maps. The first maps for the cycles are the raster files that were produced via the kriging
method. The max/min is set to the range based on the possible scores. The next set of maps are
the classified maps which have been classified based on the categories established by the
WVDEP. The third set of maps are the quartile map sets. The fourth set are the standard
deviations. The fifth set are the Gi Star maps. The difference group is made up of three sets –
category, standard deviation, and GiStar.
The data could have been reduced to the number of watersheds, or areas, which fell
within each category, but that would sacrifice the strongest piece of information – the
geolocation. Placing HUC8 as the upper most layer and then peering down through the layers
allowed for an increasing depth in spatial resolution. The stretched raster file represents the “best
quality” model. The stretched map illustrated the overall values across the state. The value score
was based on the total possible score that it could receive for the raster.
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Land Use
Land use in West Virginia consisted primarily of forest in cycle one and cycle two. The
remaining six categories made up only about nineteen percent. Map 11 shows all the categories
across the state. Figures 27 through 33 show the land use as rasters for each of the seven
categories. The water, Map 12, was located along the major rivers and lakes. The developed
category, Map 13, was most dense in the vicinity of cities and lines of transit, but there were
scattered areas of development throughout the state. Barren land, Map 14, was observed in small
pockets running from the western edge of Maryland to the southwestern border of the state. The
forest category, Map 15, covered most of the state. The shrub and grasslands were mainly
located in the southwestern part of the state, Map 16, and sprinkled along the western side of the
state. Pastures and cultivated land, Map 17, were observed in locations throughout both the
panhandles and the Ohio River basin. Additional pastures and cultivated lands were located
across north central West Virginia north to the border and in the southeast. Wetlands made up
only a small portion of the land use. The largest cluster was located in the eastern panhandle
below the western edge of Maryland, Map 18.
The land use for cycle two followed similar trends to cycle one, maps 19 through 41. All
the categories showed similar locations and distributions as in cycle one. Minimal changes were
observed and the majority of the changes followed similar trends for the locations of each
category.
Figures 42 through 55 show each of the categories for the rasters as increase, no change
observed, and decrease. The HUC10 maps show the change for the watersheds. Combined, these
maps illustrate the change that was compared in the two tables. One clear example of the
importance of knowing location was the difference between the shrub and grassland and the
55

pasture and cultivated categories. The maps are almost inverted in respect to the
increase/decrease (Figures 51-53). The tables showed that the number of watersheds were almost
the same, but on the map, it was a one-to-one swamp with several exceptions.
A comparison of both cycles was conducted for raster and watershed HUC10. Each
category was compared between the two cycles, chart 1, and showed the change in the categories
for the raster. The watersheds showed a similar graph, chart 2, but instead of number of cells it
reported number of watersheds. The difference was observed as either a loss, gain, or no change
to the category. The type and the location of the change for each category was a measure of the
stressors within each watershed.
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Chart 1: Land Use Category Comparison for Raster.
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Chart 2: Land Use Category Comparison for Shapefiles.
For the water category, figures 42 and 43, 29 watersheds increased, 248 watersheds had
no change, and 37 watersheds decreased. The major increases were in the southern part of the
state along the Guyandotte River and along the Greenbrier River. Seven additional watersheds
showed increase in the north central and eastern panhandle. The watersheds that decreased were
along the Tug Fork, Cheat, and Coal Rivers. There were small groupings of additional decrease
around the state.
The developed land use in the state increased from the first cycle to the second cycle.
Figures 44 and 45 show that 90 watersheds increased, 252 watersheds had no change, and 1
watershed decreased. The only watershed that had a decrease was located in the southern part of
the state in the Tug Fork sub-basin. The majority of the development was located around
population centers and lines of transit.
Barren land use had nearly equally increase and decrease within the state: 87 watersheds
increased, 167 watersheds had no change, and 89 watersheds decreased, Map 31 and 47. The
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increase in barren land use was observed south of Charleston, within the northern and eastern
panhandles, and in the region surrounding Morgantown. The decrease of barren land use was
observed in the central part of the state west of the 79 interstate corridor, with two small clusters
in the far eastern part of the eastern panhandle and the region north of the James watershed.
The forest land use suffered a significant decrease in the amount of area covered, figures
48 and 49: 44 watersheds increased, 102 watersheds had no change, and 197 watersheds
decreased. The increase in forestation was mainly observed in the central part of the Allegheny
highlands and west into the Allegheny plateau. The region of no observed change was
concentrated in the western central part of the state. The decrease in forestation was seen across
much of the state -- notably the eastern and southern regions.
Only a few watersheds showed no change for the category of shrub and grasslands,
figures 50 and 51. Out of the 343 watersheds, 74 watersheds increased, 2 watersheds showed no
change, and 267 watersheds decreased. The region of increase was in the south western part of
the state with the remainder decreasing.
The category of pasture and cultivated land use was almost the complete opposite of the
shrub and grassland category, figures 52 and 53. 271 watersheds increased in coverage, 2
watersheds showed no change, and 70 watersheds decreased. The regions of decrease were in the
southwest, nearly the identical to that of the increase of the shrub and grassland.
For the wetland category, 32 watersheds increased, 288 watersheds showed no change,
and 23 watersheds decrease, figures 54 and 55. A large number of the watersheds that showed
increased coverage were located on the eastern side of the state. The watersheds that decreased
were scattered across the state primarily in the eastern part of the central region.
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The comparison between land use for the cycles showed where the changes had occurred.
The next step was to look at how those changes affected impervious surface, habitat, and
WVSCI. When two categories were compared, seven possibilities could result: both increased,
the first increased and the second had no change, the first increased and the second decreased,
neither showed any change, the first decreased and the second increased, the first decreased and
the second showed no change, and both decreased. The mapped comparisons show the HUC10
watersheds location for the relationship between both observed features.
Impervious Surface
The maps of impervious surface clearly show the locations of human impacts. Cycle one,
Map 41, and cycle two, Map 52, show similar maps for impervious surface. When the
comparison was completed, there was no decrease to impervious surface -- only increase, Map
65. The areas that have higher impervious surface are clusters around human population centers,
along lines of transit, and areas that have direct human impacts. The additional maps for
categories, quartile, standard deviation, and Getis-Ord Gi Star can be seen from 56 to 77.
The collection of maps all show a similar picture with very little change between cycles.
The highest percentage of impervious surface was located around cities and lines of transit. The
southern coal fields were the second most impacted region. The percentage of impervious
surface decreased to the north and east with the exception of the eastern portion of the eastern
panhandle. The same trend was observed in both of the cycles whether categories, quartile, or
standard deviation were used to project the data. Twenty-five watersheds showed percentage
over five-percent.
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The areas with the least amount of impervious surface were found north ranging across
the north central part of the state. The one exception was the interstate 79 corridor which had
more impervious surface. The Getis-Ord Gi Star for the sub-basins, figures 65 and 76, identified
two high value clusters. One with a 90 percent confidence level near Huntington and the second
with a 95 percent confidence level at the northern portion of the northern panhandle. Two subbasins were identified as low value, ___ at the 90 percent confidence level and ___ at the 95
percent confidence level. The watershed, HUC10, maps, figures 66 and 77, identified five
clusters of watershed with a 99 percent confidence level. They were located around Bluefield,
Charleston, Huntington, Parkersburg and Weirton.
Comparison of the two different cycles revealed that the percentage of impervious
surface in the state increased. There were no locations calculated by USGS that decreased in
percent impervious surface. Nine sub-basins reported no change and the remaining twenty-three
sub-basins had an increase, Map 63. The HUC10 watersheds, Map 64, showed a similar picture
with 95 watersheds increasing in impervious surface. The raster map, Map 65, shows the
locations of the increase but the small size of the raster cells limits the ability of raster analysis to
show the small changes in a map at the state level.
The maps, figures 81-83, show the quartile change to impervious surface. The
concentration of the increases is once again centered on human activity: cities, lines of transit,
and other activities. The watersheds that were near to major cities and the interstates and other
major roads have the largest increase and are in the upper quartile. The standard deviation,
figures 83-85, show that significant increase was associated with the large cities within the state:
Parkersburg, Morgantown, Wheeling, Weirton, Princeton, and the area between Martinsburg and
Charles Town.
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The hot spot analysis Getis-Ord Gi Star, figures 87 and 88, shows that the high value
clusters are also in the same location associated with the previously listed cities. The largest
clusters are in both the panhandles. The sub-basins show the clusters at the 95 percent confidence
at the tips of the two panhandles with the tip of the eastern panhandle reaching the 99 percent
confidence level. The watershed map shows high value clusters at the 99 percent confidence
levels around the cities in both the panhandles.
The overall result of the maps for impervious surface for cycle one, cycle two, and the
difference reveals that vector of human interaction leading to the locations of the impervious
surface and the increase in impervious surface is mostly observed in the vicinity of major cities.
There was no decrease to impervious surface observed in the raster files, which would best be
able to locate the change.
Habitat Assessment
The total habitat score was the compilation of each of the ten different metrics. Map 74
shows the stretched raster file that was generated through the kriging process. The scores for the
min/max are based on the total possible range for the total score, with zero as the lowest and two
hundred as the highest value. Each cell is a projection of the model based on the input of the
random sample sites’ total habitat scores. The majority of the scores fell within the sub-optimal
category. There are several areas with notable high and low scores.
There are three groupings of high values to highlight. The largest area was located along
the eastern border region in the highlands and was concentrated in the headwaters of the Gauley,
Cranberry, Williams, and Cherry Rivers. The Blackwater River in the base of the eastern
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panhandle was another high scoring area. One section of the Bluestone River in southern WV
also scored high on the habitat assessment.
The areas with the lowest habitat score were found extending west from Charleston in the
Coal, Lower Kanawha, and lower Guyandotte river basins. The lowest scores in this area were
between the Mud River and Kanawha River. The second area started in the vicinity of
Parkersburg and extended south.
The classified data for the HUC 8 (Map 75) identified zero sub-basins listed as poor, zero
sub-basins listed as marginal, thirty-one sub-basins listed as sub-optimal, and one sub-basin,
Gauley, listed as optimal. The mean difference in the sample sites averaged out over the area of
sub-basins giving a false picture of uniformity that does not accurately show the range of
variation within the sub-basins.
The classified data for HUC 10, Map 76, identified zero watersheds listed as poor, 24
watersheds listed as marginal, 301 watershed listed as sub-optimal, and 18 watersheds listed as
optimal. Most of the state was suboptimal. The optimal watersheds were located in three groups.
The first was along the head waters of the Cheat and Potomac Rivers. The second and largest
clustering was located in the Gauley basin. The third was composed of a single watershed
located near the southern border of the state on the Bluestone River.
The classified raster, Map 77, shows results similar to the ones in Map 76. The edges of
each cluster of the optimal and the marginal clusters are not clear cut. There are small pockets of
optimal that are separated from the larger groups. The two major differences are in the eastern
panhandle where there are two small groupings of optimal scores that did not carry enough
weight to bring the watershed score into the optimal range compared with the surrounding sub-
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optimal scores. The second area that is even more interesting is an area in the middle of the state.
An area of marginal scores is identified in the HUC10 map that is not identified in the classified
raster map.
The next set of maps (figures 93-95) show the scores broken into quartiles. The quartile
scores allowed for variation within the sample set. The resulting maps show the areas in each
quartile that reflect the locations of the highs and lows scores within the state independent of the
category scores.
Map 78 shows the sub-basin quartiles. The first quartile stretches along the Ohio River
from the Big Sandy north to where the Northern panhandle joins the state. The Dunkard Creek
watershed also falls into the first quartile. The second quartile is comprised of the southern and
northern coal fields and the tip of the eastern panhandle. The third quartile was made up of the
panhandles and the Elk and the Tiger sub-basins. The fourth quartile falls in the eastern part of
the state in the Appalachian highlands.
Map 79 showed a similar, but more nuanced, pattern where the HUC8 sub-basins
obscured the locations where one watershed had a better score that those around it. One key
difference was that the eastern border of the state had watersheds that were part of the third
quartile and the watersheds of the fourth quartile are slightly west of the border region.
As with HUC10, the raster showed similar distribution across the state. Once again, like
HUC10, the raster identified locations that are smoothed over by both HUC8 and HUC10. The
greatest difference was found in the area of the headwaters of the Elk and Tygart Rivers. The
raster maps show an area in the eastern panhandle between Moorefield and Keyser in the North
and South Branches of the Potomac Rivers drainage that has scores in the bottom two quartiles.
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The projection of standard deviations allowed for areas to be identified that were
statistically significant based on what was greater or less than two standard deviations. The next
set of three figures -- figures 96, 97, and 98 -- show breaks based on the first and second SD
dividing the sample set into six different groupings. The general trend apparent from the three
projections is that the scores that are above the mean fall primarily in the eastern part of the state
and in both of the panhandles. The HUC8 maps identify no sub-basins that are greater/less than
two standard deviations away from the mean.
Both HUC10 and the raster maps identify areas that are of significant interest. The maps
show that low scores exceed high scores. There are two locations, the area surrounding
Parkersburg and the area between the Kanawha and Mud Rivers that are greater than two
negative standard deviations.
The Gi Star score for cycle one identified the high value clusters running along the
eastern side of the state and low value clusters located along the center of the western edge of the
state along the Ohio River. Figures 99 and 100 show the clusters for the HUC8 and HUC10
watersheds. The clusters are based on ninety percent, ninety-five percent, and ninety-nine
percent confidence intervals.
Map 84 shows the Gi Star results for the sub-basins. The 99% high cluster consists of
Greenbrier and South Branch Potomac sub-basins. The 95% high cluster consist of three subbasins in the southern part of the state: Upper and Lower New River and Gauley River. The 99%
low value cluster consists of the Lower Ohio River Direct Drainage, the Middle Ohio River
Lower Direct Drainage, and Lower Kanawha River sub-basins forming a triangle with
Huntington, Parkersburg and Charleston as the points. The 95% cluster consist of Twelvepole

64

Creek, Lower Guyandotte River, Little Kanawha River and Middle Ohio River Upper Direct
Drainage sub-basins extending from south of Huntington toward the northern panhandle.
Map 85 shows the Gi Star result for the HUC10 watersheds. The 99% high cluster
consists of 55 watersheds on the eastern side of the state stretching from north and south. The
99% low cluster consists of 56 watersheds on the western side of the state. The concentration of
the clusters was similar to HUC8 and reflected the overall habitat scores.
The scores for cycle one illustrate the distribution of habitat assessment scores. The
region in the eastern side of the state within the Appalachian highlands, concentrated in the
headwaters of the Gauley sub-basin, identified as a high value cluster at the 99% confidence rate.
The area around Parkersburg extending south and the area between the Guyandotte and the
Kanawha Rivers, in the western part of the state, were the two prime locations for the lower
scores.
The habitat assessment scores for cycle two, Map 86, was similar to those of cycle one.
The general trends show the higher scores located in the eastern side of the state and the lower
scores located in the western side of the state. The higher habitat scores were located along the
Cherry, Cranberry, Williams, and Gauley Rivers, and in the Gauley sub-basin as well as farther
north in the headwaters of the Cheat River. A smaller cluster of high scores was located along
the New River. There were two main locations for lower scores both found along the Ohio River.
The first was around Huntington and the second was located around Parkersburg.
The classified map illustrations -- figures 102, 103, and 104 – showed distribution of
scores across the state. Map 87 identified one sub-basin, the James watershed, as optimal and the
remaining thirty-one sub-basins as sub-optimal.
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Map 88, HUC10, identified 14 watersheds as optimal. There were three clusters, one
between the Cheat and the South Fork tributaries of the Potomac River, one within the
headwaters of the Cherry, Cranberry, Williams, Gauley, and Elk Rivers, and the last and smallest
cluster in the southeastern part of the Greenbrier sub-basin. There were nine watersheds listed as
marginal. Two clusters, one around Huntington and the second around Parkersburg, were also
listed as marginal. Map 89 shows the map of the classified raster which revealed the same
clusters as the other HUC10 did with the addition of a small cluster near the center of the Lower
New River sub-basin.
The quartile maps shows maps similar to cycle one. The upper quartile is located along
the eastern side of the state. The first quartile is located along the western side of the state. The
map of the HUC8, Map 90, averages out the difference within the sub-basins. Both HUC10, Map
91, and the raster, Map 92, show the fourth quartile score as a major cluster with only a minor
cluster of third quartile scores extending between Ridgeley and Moorefield in the Eastern
panhandle. The first quartile has several clusters throughout the western region. These variations
are not seen in the HUC8 maps.
The set of maps for the SD are figures 108, 109, and 110. Overall, the higher scores were
in the eastern side of the state and in both the northern and eastern panhandles. The scores that
were greater than the two SDs were located in the eastern part of the state in the area around the
Elk, Gauley, and Cheat sub-basins. The distribution of the scores less than two SD were located
in the areas around Huntington and Parkersburg. Map 93 highlights the Big Sandy sub-basin in
the less than two SD category. This identification does not support the same locations in either of
the other two maps. The low score from the main part of Huntington combined with the low
scores within the Big Sandy sub-basin tip the overall listing of the sub-basin into the lesser than
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two SD group. Map 94 and 110 both identify relatively the same locations for the areas that are
listed as both greater/less than two SD.
Gi Star calculated two low value clusters and one large high value cluster. The low value
clusters were along the Ohio River, mostly the direct drainage, but also Twelvepole Creek and
the Big Sandy sub-basin. The sub-basin, HUC8, shown in Map 96, identified the high value
cluster as the South Branch of the Potomac, Greenbrier, and James sub-basins on the eastern side
of the state reaching from the Potomac to the James Rivers.
The HUC10 watershed, Map 97, identifies a different area set. The high value cluster
extends from the Potomac west to the Cheat before heading south to the James and them farther
to the southwest to the Bluestone. The high value cluster also extends into the Elk and the
Gauley headwaters and their tributaries. The low values were, for the most part, concentrated
along the Ohio River. The southern part of the low cluster was around Huntington extending into
the state along Twelvepole. The low cluster to the north was located in the area around
Parkersburg. Connected to this low cluster was a group of watersheds that extend into the northcentral part of the state.
The habitat differences between cycle one and cycle two were compared and the resulting
maps were generated by either field subtraction or from raster subtraction. The habit change
indicated an overall improvement from cycle one to cycle two. Map 98 shows a seventy-two
percent increase in the sub-basins. The watershed HUC10 results showed a sixty-nine percent
increase, Map 99. The raster, Map 100, showed a sixty-four percent increase. The difference
between the numbers is due to an averaging of the scores over the area of the watersheds or subbasins.
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The locations of the increase/decrease compared to Map 98 present a different picture
from the one reported in cycle one/cycle two. Map 98 showed that twenty-two sub-basins had a
positive change leaving ten sub-basins with a negative change. The negative changes were
located in the eastern panhandle Cacapon and Potomac River Direct Drainage sub-basins. The
Westfork and the Youghiogheny sub-basins in north-central decreased. There were six subbasins across the southern portion of the state: the Gauley, Lower New, Upper Guyandotte,
Twelvepole, and Big Sandy Rivers, and the Lower Ohio River Direct Drainage sub-basin.
Map 99 shows the HUC10 watersheds. Two-hundred and thirty-six watersheds showed
positive change and 107 watersheds showed negative change. The primary location for the
negative change was a strip of watersheds running from just south of the northern
panhandle/Morgantown region south past Beckley to just shy of the southern border. The other
two major groups were in the area around Huntington and direct drainage to the Ohio River and
in the eastern panhandle. Several isolated watersheds throughout the state showed negative
changes also. Map 100 showed relatively the same map as the HUC10 watersheds, but the areas
that showed negative change were larger.
The SD for difference comparison, Map 13, identified regions within the state that saw
significant negative and positive change. The locations of the increases and decreases of scores
in SD highlight locations where the habitat changed. The significance was seen by mapping the
scores that were greater or less than the two SD away from the mean. Some of the differences
can be attributed to the change in the study design. The overall maps for the SD show the
dissociation of the two different shapefiles, HUC8 and HUC10, with different projections of the
scores across the state.
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The HUC8 sub-basins, Map 101, listed only the James watershed as significantly
improved. Map 102 shows the HUC10 watersheds that changed based on the SD. The James
watershed along with three other clusters were identified. The northern most was in the area
surrounding Morgantown. The other two were in the western part of the state in the area around
Charleston -- one was located along the Elk River and the second along the Coal River. Seven
watersheds were listed in the significant negative change category. The largest cluster was
around Huntington with three watersheds. Two watersheds were grouped west of Beckley. The
last two watersheds were on the New River around Fayetteville and east of Clarksburg.
The raster map showed a slightly different projection of the data than the HUC10 map
did and only a rough comparison to the HUC8 map. Map 103 shows the distribution of the
habitat change as projected by the SD. There were three main clusters of positive scores. The
largest was located in the western part of the state between the Kanawha and Mud Rivers. The
area to the east of Morgantown had a mixture of habitat scores either greater than the second SD
or within the second SD. The last cluster was identified in the headwaters of the Elk sub-basin.
There were four major clusters that had significant negative change. Three of the large
clusters and one of the smaller clusters were associated with the US route 19 corridor that runs
north to south through the center on the state. The three main clusters were in the vicinity of
Clarksburg, Fayetteville, and south of Beckley. The small cluster was located near Flatwoods.
Two additional small clusters were in the eastern panhandle along the Cacapon River.
The GI Star tool was run using the change in the habitat scores. Map 104 identified no
significant clusters in the HUC8 sub-basins. The HUC10 identified three high value clusters and
four low value clusters, Map 105. The largest high value cluster was in the western portion of the
state between the Kanawha and the Mud Rivers and extended eastward into the Elk sub-basin.
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The second high value cluster was in the northern part of the state around Morgantown and the
third cluster was in the James watershed and extended north into the southern part of the
Greenbrier watershed.
The four low value clusters were spread across the state. The largest cluster was located
in the southern part of the state. The northern portion was located south of the Birch River and
extended southward toward the Bluestone and New Rivers. The area around the city of
Huntington and into the Twelvepole watershed was the second largest cluster of low values. The
remaining two were located in the area surrounding Clarksburg and in the Eastern panhandle in
the downstream portion of the Cacapon sub-basin.
West Virginia Stream Condition Index
The WVSCI or SCI is a combination of six different metrics that are averaged. The final
score is then reported as the SCI. The basis for the use of macroinvertebrates is that they are
continuously exposed to the environment and water conditions. The life cycle of the
communities are relatively short so the effects on several generations can easily be studied.
The stretched raster for cycle 1, Map 106, shows the raster that was generated using the
kriging process. The max/min scores have been set to the range for the WVSCI score. The
highest score was observed in the headwaters of the Tygart Valley River and the Elk River. The
lowest scores were observed in the region surrounding Morgantown. The second area with low
scores was in the area around Clarksburg. The area in western Logan County was the last of the
low clusters.
The categorized HUC8 WVSCI scores for cycle one, Map 107, had one sub-basin listed
as very good, fifteen listed as good, and sixteen listed as fair. The watershed that was identified
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as very good was the Gauley sub-basin. The eastern side of the state and the Middle Ohio River
direct drainage two were also listed as good with the exception of the tip of the eastern
panhandle, which was categorized as fair. The western part of the state was listed as fair.
The categorized HUC10 WVSCI scores for cycle one, Map 108, had thirty watersheds
listed as very good, 140 watersheds listed as good, 171 listed as fair, and identified two
watersheds as poor. The watersheds listed as very good were in two major groups. The largest
extended through the headwaters of the Gauley, Elk Greenbrier, Tygurt, and Cheat sub-basins.
The second group of watersheds were located in the eastern panhandle in the Potomac sub-basin.
The watersheds which had good scores were primarily in the eastern part of the state and
extended to the Ohio River through both of the Middle Ohio River direct drainages. The fair
value watersheds were found in the southern and the northern parts of the western side of the
state and the tip of the eastern panhandle and the western portion of the Little Kanawha subbasin. Two watersheds that were listed as poor were east of Morgantown.
The classified raster for the WVSCI, shown in Map 109, reflected similar results as the
HUC10 with two main differences. There were two additional clusters of very good scores. The
first was located around the western border of the Little Kanawha and the Middle Ohio Rivers
and the second north of Moorefield in the middle of the eastern panhandle. The eastern side of
the state exhibited higher scores and the western side revealed lower scores.
The next set of maps, figures 125, 126, and 127, show the scores broken into quartile
scores. The quartile scores allowed for variation within the sample set to be evaluated. The
resulting maps show the areas in each quartile that reflect the locations of the highs and lows
within the state independent of the category scores. The general trend continues to support the
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standard distribution of scores. The eastern side of the state was where the upper quartiles are
located and the western side of the state was where the lower quartiles are located.
The HUC8 shows that the sub-basins along the Westfork River in the north and the
Guyandotte and Tug Rivers in the south are the fourth quartile. The HUC10 identified additional
regions, two watersheds in the western part of the state on western border of the Little Kanawha
and the Middle Ohio River direct drainage two, that were low and were not highlighted in the
HUC8. Two low value clusters were shown, one at Huntington and the second at Parkersburg.
Both clusters extended eastward into the interior of the state. The raster mapped the result
similarly with only variations in small clusters and irregular borders.
The projections of standard deviations allowed for areas to be identified that were
statistically significant based on what was greater or less than two standard deviations. The next
set of three figure, shows breaks based s 128, 129, and 130 on the first and second SD, dividing
the sample set into six different groupings. The sub-basin maps show the Monongahela as the
only watershed of significance as it was lower than the second negative SD.
Both HUC10 and the raster maps identified the largest area with significantly poor scores
in the north surrounding Morgantown and extending both east and south along the West Fork
River. The area around Fairmont also had significantly poor scores. The HUC10 shows one
watershed in the southern part of the state that was identified as significantly poor located near
Logan. The raster showed an area that extended from Logan to the southwestern border of the
state that is a low value cluster below the second standard deviation.
The overall trends observed in the set of maps for SD were, in cycle one, the WVSCI had
no significant high scores and there were areas that were identified as low scoring areas. The
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maps showed that the bell curve was skewed to the left as there were more significant low scores
than high scores. There were three significant areas observed which were greater than the lower
second SD. No areas were identified as greater than the second SD in any of the three maps of
the set.
The Gi Star scores for cycle one identified high value clusters running along the eastern
side of the state and three low value clusters located around Morganton, Parkersburg, extending
from Huntington southeast through Twelvepole and Tug Fork watersheds. Figures 131 and 132
show the clusters for the HUC8 and HUC10 watersheds. The clusters were based on ninety
percent, ninety-five percent, and ninety-nine percent confidence intervals.
The HUC8, Map 116, identified only Dunkard Creek as a significant low value cluster.
The Gauley, Greenbrier, and the South Potomac sub-basins were identified as high value clusters
of significance. The HUC10, Map 117, identified two high value clusters. The first was most of
the eastern side of the state between Parsons in the north continuing south to around the
watersheds north of Beckley. The second high value cluster was much smaller and was located in
the eastern panhandle at the narrowest point. The three low value clusters were found spread
around the state. The largest was in the area around Morgantown and stretched south to between
Philippi and Lost Creek. The second low value cluster was located along the southwestern border
of the state from Huntington to the McDowell/Mingo county line. The third cluster was smaller
than the other two and was located near Parkersburg.
The West Virginia Stream Condition Index scores for cycle two, Map 118, were similar
to those of cycle one, with the general trends of the higher scores located in the eastern side of
the state and lower scores located in the western side of the state. The highest score was observed
in the headwaters of the Cherry and Meadow Rivers in the Gauley sub-basin. The lowest scores
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were observed in the region surrounding Morgantown and continued south along the West Fork
River around Clarksburg/Jane Lew. The remaining two areas with the lowest scores were around
Huntington and area along the Guyandotte River in western Logan County and into the Coal
river sub-basin.
The categorized HUC8 WVSCI scores for cycle one, Map 119, had four sub-basins listed
as very good, sixteen listed as good, and twelve listed as fair. The sub-basins that were identified
as very good were the Gauley, Greenbrier, James and Cacapon sub-basins. The southwestern
side of the state and the three sub-basins stretching from the northern border into the northcentral
part of the state were listed as fair. The tips of both panhandles as well as the Middle Ohio River
Direct drainage Two were also listed as fair. The remaining majority of the state was listed as
good.
The categorized HUC10 WVSCI scores for cycle two, Map 120, had thirty watersheds
listed as very good, 140 watersheds listed as good, 171 listed as fair, and identified two
watersheds as poor. The watersheds listed as very good were in two major groups. The largest
extended through the headwaters of the Gauley, Elk, Greenbrier, Tygart, and Cheat sub-basins.
The second group of watersheds were located in the eastern panhandle in the Potomac sub-basin.
The watersheds which had good scores were primarily in the eastern part of the state and
extended to the Ohio River through the Middle Ohio River direct drainage one and two. The fair
valued watersheds were comprised of the southern and the northern parts of the western side of
the state. The tip of the eastern panhandle and the western portion of the Little Kanawha subbasin had the largest addition to fair values. Two watersheds that were listed as poor were east of
Morgantown.
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The next set of maps, Map 121, 137, and 138, show the WVSCI scores broken into
quartile scores. The quartile scores allowed for the variation within the sample set to be
evaluated. The resulting maps show that areas in each quartile which reflect the locations of the
highs and lows within the state independent of the category scores. The general trend continued
to support the standard distribution of scores. The eastern side of the state, along the Appalachian
highlands, were where the upper quartiles are located and the western side of the state is where
the lower quartiles were located.
The HUC8 results identified the lowest scores in the watersheds extending southeast from
the city of Huntington and south from the city of Morgantown. The tip of the eastern panhandle
was also in the lowest quartile. The upper quartile runs north to south along the eastern side of
the state along the highlands. The HUC10 and the raster maps revealed a more nuanced
distribution of scores. Overall, the scores had a wider range in the raster data than the shapefiles.
One particular aspect to note is that the upper quartile was almost exclusively clustered whereas
the lower three quartiles are intermixed.
Figures 140, 141, and 142 depict the maps for the SD for cycle two. The same general
trend of scores held true in the SD projections. The main feature in the HUC8 to note is that the
James watershed was shown as positively significant. The HUC10 shows a second clustering of
significantly higher scores located in the headwaters of the Gauley watershed. The raster map
does not show a strong positive significant cluster; instead, it shows the appearance of several
negative clusters. These clusters were in the region’s core in the lower value watersheds.
The final maps for cycle two are 143 and 144, showing the GI Star high/low clusters. The
resulting maps support the overall trend in cycle two. High clusters are located along the eastern
side of the state. The trend is noted in both the HUC8 and the HUC10. The major difference in
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the two maps is that the HUC10 also identifies two regions of low value clusters. The first is
around the area of Huntington and extending southeast and the second around Morgantown and
extending south.
The WVSCI difference maps compared the change between cycle one and cycle two. The
resulting maps were generated from either field subtraction or from raster subtraction. Both
produced the same effect on the data. The WVSCI change indicated an overall improvement
from cycle one to cycle two. Map 130 shows an eighty-one percent increase in the sub-basins.
The watersheds, HUC10, results showed a seventy-three percent increase, Map 131. The raster,
Map 131, showed a seventy percent increase in WVSCI score. One area in the southwestern
portion of the state had a negative score in a horseshoe shape with the northern end anchor near
Ravenwood and Ripley and the southern end anchor around Huntington. The horseshoe shape
extended into the center of the state. Three different scores reflect that the area has a skewed data
set.
The SD map set, figures 148, 149, and 150, show the change from cycle one to cycle two
in the WVSCI scores. The HUC8 identified only the James River Sub-basin as having
significantly improved. There were no areas that displayed significant negative change.
However, the sub-basins in the southern part of the state on the western side showed negative
trends and the eastern side showed positive trends. The difference shown by the HUC10, figure
RX61, identified the area to the east of Morgantown as significantly improving. The second area
of note was the region that is located along the Kanawha River around the city of Marmet in
Kanawha County. The watersheds along the Kanawha River showed improvement; however, the
watersheds surrounding the Kanawha River displayed negative change with some of the
watersheds exhibiting significant change.
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The SD raster map, Map 135, showed significant improvements in the northern region
around and east of Morgantown, in the area around North Fork Hughes River (in what part of the
state?), and in the Upper Guyandotte sub-basin in the southern part of the state. The regions that
exhibited negative change were located in the same horseshoe shape that was mentioned in the
previous paragraph. The only regions outside of the horseshoe shape that were significantly low
were around the city of Bluefield.
The final set of maps were the Gi Star maps, figures 151 and 152. The HUC8 and
HUC10 maps show a dramatic difference from the regions identified as having significant low
clusters. The HUC8, Map 135, identified a low cluster where the HUC10, Map 136, identified a
small ninety percent confidence high cluster. The surrounding region was not identified as a low
value cluster in the HUC8, but the horseshoe shape was identified as a ninety-nine percent
confidence cluster.
The remaining areas that identified high confidence clusters were located in five different
areas throughout the state. From around Morgantown eastward, there were two small clusters in
the vicinity of the Tygart Valley River in the north central part of the state and the North Fork
Hughes River in the southern portion of the state. There was one large cluster in the lower
Greenbrier sub-basin and the last cluster was found on the south western border of the state
around Mingo and Wyoming counties.
One major area of interest was the horseshoe shape region that was identified in the
southwestern part of the state. This region showed dramatic differences among the different
maps. The HUC8 did not identify the region as having improved, but rather showed the region as
having negative change. However, both the HUC10 and the raster maps identified a horseshoe
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shape where the center revealed significant improvement and the region making up the rest of
the horseshoe shape exhibited negative change.
Combined Results
The effects of total habitat score, impervious surface percentage, and land use (water,
developed, barren, forest, combined shrub and grassland, combined pasture and cultivated, and
wetland) on WVSCI scores were illustrated in a series of maps. Total habitat score is a
combination of ten metrics assessed from the stream and the riparian zones and represents the
habitat in which macroinvertebrates live. Impervious surface and land use were both captured
using the same system, Landsat. Impervious surface and land use are significant because the
lands drained by a watershed affect the water quality of the watershed. Consequently, WVSCI is
used to identify non-point sources of pollution.
Mapping change in habitat, impervious surface, or category for land use verses WVSCI
was accomplished by calculating the number of watersheds in each category. There were four
different categories for WVSCI verses habitat: both increased, WVSCI increased and habitat
decreased, WVSCI decreased and habitat increased, and both decreased. Impervious surface and
land use had six possible categories: both increased, WVSCI increased and category stayed the
same, WVSCI increased and category decreased, WCSCI decreased and category increased,
WVSCI decreased and category stayed the same, and both decreased.
Habitat versus WVSCI, figures 153 and 154, show raster and HUC10 watershed changes.
There were small changes in the percentages of each category between the two maps. The raster
shows a forty-seven percent increase in both categories and twelve percent decrease in both
categories. The other two categories show seventeen percent where habitat increased and
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WVSCI decreased and twenty-four percent where habitat decreased and WVSCI increased. The
HUC10 was similar to the raster with slightly different numbers. Fifty-one percent of the
watersheds showed both having increased and ten percent having decreased. The other two
categories showed twenty-two percent where the habitat decreased and the WVSCI increased.
Seventy percent showed the habitat increased and the WVSCI decreased. Both maps show that
the majority of the change was where both habitat and WVSCI improved.
The next comparison was between impervious surface and the WVSCI, figure RX131.
The best outcome for this category would be to have a decrease in impervious surface and an
increase in the WVSCI. There was no decrease in impervious surface between the two sample
years. Fifty-one percent of the watersheds showed no change to impervious surface and an
increase of the WVSCI. A decrease in impervious surface and increase in the WVSCI was
observed in twenty-two percent of the watersheds. There was no change to impervious surface
and WVSCI decreased in twenty-one percent of the watersheds. In six percent of the watersheds
impervious surface increased and WVSCI decreased.
The first category of land use was water, Map 141. An increase in water may not be a
positive event. It can be linked to a decreased riparian zone or to high water events such as a
flood. Seven percent of the watersheds had an increase in water and WVSCI. In fifty-seven
percent of the watersheds, there was no change in water and WVSCI increased. Water decreased
and WVSCI increased in nine percent of the watersheds. Two percent of the watersheds showed
that water increased and WVSCI decreased. Twenty-three percent of watersheds had no change
in water and WVSCI decreased. Only two percent of the watersheds had a decrease in both water
and WVSCI.
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The second category of land use was developed, Map 142. Twenty percent of watersheds
had an increase in developed land use and WVSCI. Fifty-three percent of watersheds showed no
change in developed land use and WVSCI increased. An increase in developed land use and a
decrease in WVSCI was observed in seven percent of the watersheds. Twenty percent of the
watersheds showed developed land use with no change and a decrease in WVSCI. There were
less than one percent of watersheds with a decrease in developed land use and an increase in
WVSCI.
The third category of land use was barren, Map 143. Twenty percent of watersheds
showed an increase in barren land use and WVSCI. Barren land use showed no change and
WVSCI increased in thirty-four percent of the watersheds. Barren land use decreased and
WVSCI increased in nineteen percent of the watersheds. Eight percent of the watershed showed
barren land use had increased and WVSCI decreased. Barren land use showed no change and
WVSCI decreased in twelve percent of the watersheds. Seven percent of the watersheds had
barren land use and WVSCI decreasing.
The fourth category of land use was forest, Map 144. In nine percent of the watersheds,
forest land use increased and WVSCI increased. Twenty-two percent of watersheds had no
change in forest and an increase in WVSCI. Forest land use decreased and WVSCI increased in
forty-two percent of the watersheds. Four percent of watersheds showed an increase in forest
cover and a decrease in WVSCI. Eighty percent of forest land use showed forest with no change
and WVSCI decreased. The last category was both forest and WVSCI decreased.
The fifth category of land use was combined shrub and grassland, Map 145. Thirteen
percent of watersheds showed that shrub/grassland and WVSCI increased. Only one percent of
watersheds were identified as shrub/grassland not changing and WVSCI increasing. The largest
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category was shrub/grassland decreased and WVSCI increased. This category was fifty-nine
percent of the watersheds. Eight percent of watersheds showed shrub/grasslands having
increased and WVSCI having decreased. Nineteen percent of the watersheds had a decrease in
shrub/grassland and WVSCI.
The sixth category of land use was combined pasture and cultivated, Map 146.The largest
category was where both pasture/cultivated increased. This category included fifty-nine percent
of the watersheds. Only one percent of watersheds showed pasture/cultivated having no change
and WVSCI having increased. Thirteen percent of watersheds had a pasture/cultivated decrease
and WVSCI increase. Pasture/cultivated land use increased and WVSCI decreased in twenty
percent of watersheds. The final group included seven percent of watersheds with a decrease in
pasture/cultivated and WVSCI.
The final category for the land use was wetlands, Map 147. Eight percent of watersheds
showed increase in wetlands and WVSCI. The largest category was no change in wetland land
use and a WVSCI increase. This category comprised sixty percent of watersheds. Five percent of
watersheds observed had wetland decreased and WVSCI increased. One percent of watersheds
had wetland land use increased and WVSCI decreased. The second largest category was wetland
with no change and WVSCI decreased. The final category was wetland land use and WVSCI
decreased.

CHAPTER 4
DISCUSSION AND CONCLUSIONS
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Mapping techniques were selected for this study to explore the relationship between
WVSCI scores and habitat at spatial and temporal levels. The goal was to show what had
transpired during cycle one and cycle two, and then compare the differences between the cycles.
The purpose of assessing the change between cycles was to determine the effects of
environmental stress on the macroinvertebrate communities within a watershed.
Sub-basin, or HUC8, did not represent changes within the state very well. When
compared, HUC8, sub-basin, and HUC10, watersheds, the HUC10s were much closer to raster
maps. Raster maps generated through the kriging process provided the best model of changes
throughout the state. The sub-basins gave a broad view of the state; however, they were unable to
distinguish smaller clusters, which sometimes represented significant differences, from the
surrounding areas.
Since this study looked at data collected between 1997-2001 for cycle one, and 20022006 for cycle two, there was no way to ground truth the model. The model does develop the
methods for continual use to build on cycle three, which was not complete at the time of this
study. The new WVDEP sampling design would allow for each year’s collection to be compared
to the previous year’s data and then added to predict the next year’s samples. This method would
allow for ground truthing and continued model refinement.
The health of macroinvertebrate populations, quantified with the WVSCI score, showed
improvement between cycle one and cycle two. The habitat score likewise improved. To develop
a more comprehensive picture two additional categories were added: impervious surface and
land use. These categories were added to assess both habitat and community wide impact of
watershed use on state waterways. The general trend was that if there was no change in the land
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use within the watershed the WVSCI scores showed improvement. It seemed as though
continuity of land use, even if stressful, allowed macroinvertebrate communities to improve.
The different mapping techniques illustrated both of the cycles and the difference
between the cycles for WVSCI, habitat, impervious surface, and land use. Statewide, with
several caveats, the trends seemed to be positive. Variability in collection methods could explain
some of the differences in the WVSCI and, more significantly, to habitat scores. The change
effected which order streams were selected for sampling and time of year that the samples were
taken. The second caveat is that, although the overall trend showed improvement, there were
areas that were degraded.
There were five changes to the sampling design for cycle two. The first was a shorter
sampling period that changed from April through October to April through July. This change
reduced the effects of seasonal droughts/low water and increased comparability. There was an
increase in the five year mean for precipitation ranging from 2.4 inches to 13.8 inches between
cycle one and cycle two. The effects of the change in the sampling period and the relationship
between precipitation and the WVSCI requires further study. In this study, the amount of
precipitation correlated to increased WVSCI scores.
The second change was the use of a weighting system for stream order in the selection
process for sampling sites. The first cycle used an equal weighting system for selecting first
through fifth order streams and the second cycle used a weighting system that selected sixty-five
percent from first order streams, eighteen percent from second order streams, eleven percent
from third order stream, and six percent from fourth order streams. The selection method was
changed to better represent the different percentages of stream order throughout the state. Figures
4 and 5 show less clustering in the sample sites for cycle two than were observed in cycle one.
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The third change was to include six smaller sub-basin with adjacent sub-basins.
The fourth change was that in cycle one the sub-basins were divided into five groups
from across the state and sampled on a rotating schedule. During the second cycle sites were
selected from around the state each year. These changes allowed for complete sampling across
the entire state within a sampling cycle.
The fifth change was to reduce the macroinvertebrate sampling size from two square
meters to one square meter. The reduction in the area sampled decreased the amount of time
required to collect the sample and decreased the amount of materials needed to process each
sample. Research indicated that the reduction in sample size did not adversely affect the
macroinvertebrate community sampling.
The first four changes were designed to increase the comparability of the sampling and
reduce the effect of seasonal change on regional sampled areas. The fifth change was designed to
increase efficiency and effectiveness. The changes primarily affected where samples were
collected. The change to stream order resulted in a decrease in the density of sample sites. The
inclusion of the smaller sub-basins provided coverage of watersheds on the edges of the state and
improved the model’s ability to correctly predict problems in peripheral areas. More samples
collected within a broad spatial and temporal range increased the accuracy of the model.
The WVSCI scores showed improvement from cycle one to cycle two. Comparison
between the raster projection for cycle one and cycle two showed a seventy percent increase. The
HUC10 showed a seventy-three percent increase and the HUC8 showed an eighty-one percent
increase. Water quality, as measured by the WVSCI score, showed a considerable improvement.
An interesting event in the southwestern part of the state, a horseshoe area of negative change,
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appeared in the difference maps. The decrease could be seen in the raster and HUC10 maps, but
was distorted in the HUC8 maps.
The habitat assessment scores were similar to the WVSCI scores. The raster comparison
showed a sixty-four percent increase in habitat scores. The HUC10 showed a sixty-nine percent
increase and HUC8 showed a seventy-two percent increase. The scores were not as high as the
WVSCI scores, but both scores reflect an overall improvement throughout the watersheds. The
habitat changes were seen primarily in the middle of the state and near major cities throughout
the state.
The impervious surface results show that for cycle one and cycle two the major influence
was human action. All the higher percentages of impervious surface and denser clusters fell
around centers of activity, large populations, and lines of transit. The impervious surface increase
also coincided with human activity. Both cycles had twenty-eight watersheds with a five percent
or higher increase in impervious surface. Ninety-four watersheds increased in the amount of
impervious surface with five watersheds recording increased values over half a percentage point.
The land use total change between cycle one and cycle two was 0.57 percent of the area
for the state (chart 3). Chart 4 shows the percent loss and gain for each field category. For land
use seven fields showed different changes between the cycles, but the general trend was a
decrease in the amount of forest and an increase of developed and barren land. Table 14 shows
which field categories had the largest percentage change when compared with the WVSCI score.
Water, developed, barren, and wetland all had no change in the field categories and WVSCI
increased. Environmental stability would allow for the macroinvertebrate communities to have
low levels of stress so they would be able to increase both in numbers and diversity.
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Chart 3: Land Use Percent Change Between Cycle One and Cycle Two.

Shrub/
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Water Developed Barren

Wetland
Grassland

Both Decreased

2.3

0.0

7.0
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Pasture/

Forest

15.5

19.0

Cultivated
7.3

1.5

Category No Change
23.3

20.4

11.7

8.2

0.0

0.0

24.5

1.5

6.7

8.5

3.5

8.2

19.8

1.2

8.5

0.3

19.0

42.0

58.9

13.1

5.2

57.4

53.1

34.1

21.6

0.9

0.6

59.5

7.0

19.5

19.8

9.3

13.1

59.2

8.2

& WVSCI Decreased
Category increase &
WVSCI Decreased
Category Decrease &
WVSCI increased
Category No Change
& WVSCI Increased
Both Increased

Table 14: Percent Change in HUC10 Watersheds.

The three remaining field categories reveal a mixture of results and did not stay
consistent with the observed trend that lower human impact correlated to higher WVSCI scores.
Both forest and shrub and grassland showed that the fields decreased and the WVSCI score
increased. Forest made up the majority of the state in both cycles with about eighty-one percent
of the state and remained unchanged. The percentage increase/decrease for the shrub and
grassland versus the pasture and cultivated areas were almost completely opposite.
A major question raised by the study was: When one field “disappears” what does it
become? Were shrub and grassland areas previously old pasture and cultivated that are being
rotated into and out of usage? Another question would be if environmental changes are occurring
in high or low stress impacted watersheds and if there is a threshold of stress that a
macroinvertebrate community can endure before it becomes seriously impacted and WVSCI
decreases. Finally, to what extent does the presence of a buffer zone affect watershed health?
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Riparian zones provide shelter for macroinvertebrate communities and lessen the influence of a
changing environment; however, a buffer zone does not guarantee protection. If, for instance, a
pipeline runs through the buffer zone and connects the waterway to an area of human activity a
mile away, the waterway could become stressed.
The different maps presented in this thesis show two sets of collected data and the
comparison between those collections. The maps represent how land use, impervious surface,
and habitat impact the WVSCI score. The change observed in the WVSCI scores between cycles
showed that there was improvement throughout the state’s waterways. The improvement in the
WVSCI was linked to better habitat and stability of land use within the watersheds. Another
factor which may have influenced WVSCI scores is the movement of benthic organisms. Any
recruitment of new macroinvertebrates must occur within the surrounding area. If
macroinvertebrates migrated from a healthy stream into an impacted area that could give a
stressed stream the appearance of health.
There are numerous directions further studies could take with this data. First, it could be
expanded upon with the addition of the data collected in cycles three and four. This study only
looked at how land use, impervious surface, and habitat were related to the WVSCI score, but
did not investigate how they might relate to each other. Other fields could be investigated as
well. For example, the top two percent of dominant taxa or the width of the undisturbed
vegetative zone could be examined. A multitude of studies could be performed to see if factors
from precipitation to commercial/industrial land use cause stress in regional watersheds.
The assessment of WV waterways through GIS is beneficial for a number of reasons. GIS
modeling can be used as a force multiplier. A sound model would allow for a greater
understanding of the quality of the water without increasing the amount of sampling required.
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Secondly, GIS modeling can identify specific problem areas and would allow for a better
allocation of resources. The nomination and direction of restoration projects would be one
example of the benefit of this method. A greater understanding of how systems are interrelated
can be gained from GIS modeling. For instance, maps could be used to predict how one
watershed or stream effects the whole system downstream or how a regional event, such as a
drought or an industrial accident, might impact the water quality of the whole system.
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Maps

Map 1: West Virginia Rivers and Streams.
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Map 2: West Virginia Watersheds.
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Map 3: West Virginia Department of Environmental Protection Rotating Basin Schedule.
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Map 4: Cycle One Sample Sites.
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Map 5: Cycle Two Sample Sites.
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Map 6: Cycle One Total Habitat Scores.

96

Map 7: Cycle Two Total Habitat Scores.
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Map 8: Cycle One WVSCI Scores.
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Map 9: Cycle Two WVSCI Scores.
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Map 10: Cycle One and Two Random Sample Sites.
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Map 11: Cycle One Land Use Raster Categorized.
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Map 12: Cycle One Land Use Raster Water.
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Map 13: Cycle One Land Use Raster Developed.
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Map 14: Cycle One Land Use Raster Barren.
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Map 15: Cycle One Land Use Raster Forest.
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Map 16: Cycle One Land Use Raster Shrub/Grassland.
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Map 17: Cycle One Land Use Raster Pasture/Cultivated.
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Map 18: Cycle One Land Use Raster Wetland.
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Map 19: Cycle Two Land Use Stretched Raster.
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Map 20: Cycle Two Land Use Raster Water.
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Map 21: Cycle Two Land Use Raster Developed.
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Map 22: Cycle Two Land Use Raster Barren.
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Map 23: Cycle Two Land Use Raster Forest.
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Map 24: Cycle Two Land Use Raster Shrub/Grassland.
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Map 25: Cycle Two Land Use Raster Pasture/Cultivated.
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Map 26: Cycle Two Land Use Wetland.
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Map 27: Difference Water Change (Land use) Raster.
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Map 28: Difference Water Change (Land use) HUC 10.
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Map 29: Difference Developed Change (Land use) Raster.
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Map 30: Difference Developed (Land use) HUC 10.
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Map 31: Difference Barren Change (Land use) Raster.
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Map 32: Difference Barren (Land use) HUC 10.
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Map 33: Difference Forest Change (Land use).
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Map 34: Difference Forest (Land use) HUC 10.
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Map 35: Difference Shrub/Grassland Change (Land use) Raster.
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Map 36: Difference Shrub/Grassland (Land use) HUC 10.
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Map 37: Difference Pasture/Cultivated Change (Land use) Raster.
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Map 38: Difference Pasture/Cultivated (Land use) HUC 10.
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Map 39: Difference Wetland Change (Land use) Raster.
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Map 40: Difference Wetland (Land use) HUC 10.
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Map 41: Cycle One Impervious Surface Stretched Raster Percent.
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Map 42: Cycle One Impervious Surface HUC 8 Categorized.
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Map 43: Cycle One Impervious Surface HUC 10 Categorized.
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Map 44: Cycle One Impervious Surface HUC 8 Quartile.
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Map 45: Cycle One Impervious Surface HUC 10 Quartile.
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Map 46: Cycle One Impervious Surface Stretched Raster Quartile.
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Map 47: Cycle One Impervious Surface HUC 8 Standard Deviation.
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Map 48: Cycle One Impervious Surface HUC 10 Standard Deviation.
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Map 49: Cycle One Impervious Surface Stretched Raster Standard Deviation.
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Map 50: Cycle One Impervious Surface HUC 8 GI*.
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Map 51: Cycle One Impervious Surface HUC 10 GI*.
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Map 52: Cycle Two Impervious Surface Raster Percent.
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Map 53: Cycle Two Impervious Surface HUC 8 Categorized.
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Map 54: Cycle Two Impervious Surface HUC 10 Categorized.
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Map 55: Cycle Two Impervious Surface HUC 8 Quartile.
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Map 56: Cycle Two Impervious Surface HUC 10 Quartile.
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Map 57: Cycle Two Impervious Surface Stretched Raster Quartile.
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Map 58: Cycle Two Impervious Surface HUC 8 Standard Deviation.
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Map 59: Cycle Two Impervious Surface HUC 10 Standard Deviation.
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Map 60: Cycle Two Impervious Surface Raster Standard Deviation.
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Map 61: Cycle Two Impervious Surface HUC 8 GI*.
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Map 62: Cycle Two Impervious Surface HUC 10 GI*.
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Map 63: Difference Impervious Surface HUC 8 Categorized.
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Map 64: Difference Impervious Surface HUC 10 Categorized.
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Map 65: Difference Impervious Surface Raster Categorized.

155

Map 66: Difference Impervious Surface HUC 8 Quartile.
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Map 67: Difference Impervious Surface HUC 10 Quartile.
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Map 68: Difference Impervious Surface Raster Quartile.
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Map 69: Difference Impervious Surface HUC 8 Standard Deviation.
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Map 70: Difference Impervious Surface HUC 10 Standard Deviation.
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Map 71: Difference Impervious Surface Raster Standard Deviation.
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Map 72: Difference Impervious Surface HUC 8 GI*.
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Map 73: Difference Impervious Surface HUC 10 GI*.

163

Map 74: Cycle One Total Habitat Score Raster Stretched.

164

Map 75: Cycle One Total Habitat Score HUC 8 Categorized.
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Map 76: Cycle One Total Habitat Score HUC 10 Categorized.
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Map 77: Cycle One Total Habitat Score Raster Categorized.
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Map 78: Cycle One Total Habitat Score HUC 8 Quartile.
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Map 79: Cycle One Total Habitat Score HUC 10 Quartile.
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Map 80: Cycle One Total Habitat Score Raster Quartile.
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Map 81: Cycle One Total Habitat Score HUC 8 Standard Deviation.
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Map 82: Cycle One Total Habitat Score HUC 10 Standard Deviation.
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Map 83: Cycle One Total Habitat Score Raster Standard Deviation.
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Map 84: Cycle One Total Habitat Score HUC 8 GI*.
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Map 85: Cycle One Total Habitat Score HUC 10 GI*.
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Map 86: Cycle Two Total Habitat Score Raster Stretched.
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Map 87: Cycle Two Total Habitat Score HUC 8 Categorized.
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Map 88: Cycle Two Total Habitat Score HUC 10 Categorized.
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Map 89: Cycle Two Total Habitat Score Raster Categorized.
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Map 90: Cycle Two Total Habitat Score HUC 8 Quartile.
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Map 91: Cycle Two Total Habitat Score HUC 10 Quartile.
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Map 92: Cycle Two Total Habitat Score Raster Quartile.
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Map 93: Cycle Two Total Habitat Score HUC 8 Standard Deviation.
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Map 94: Cycle Two Total Habitat Score HUC 10 Standard Deviation.
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Map 95: Cycle Two Total Habitat Score Raster Standard Deviation.
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Map 96: Cycle Two Total Habitat Score HUC 8 GI*.
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Map 97: Cycle Two Total Habitat Score HUC 10 GI*.
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Map 98: Difference Total Habitat Score HUC 8 Categorized.
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Map 99: Difference Total Habitat Score HUC 10 Categorized.
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Map 100: Difference Total Habitat Score Raster Categorized.
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Map 101: Difference Total Habitat Score HUC 8 Standard Deviation.
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Map 102: Difference Total Habitat Score HUC 10 Standard Deviation.
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Map 103: Difference Total Habitat Score Raster Standard Deviation.
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Map 104: Difference Total Habitat Score HUC 8 GI*.
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Map 105: Difference Total Habitat Score HUC 10 GI*.
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Map 106: Cycle One West Virginia Stream Condition Index Raster Stretched.
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Map 107: Cycle One West Virginia Stream Condition Index HUC 8 Categorized.
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Map 108: Cycle One West Virginia Stream Condition Index HUC 10 Categorized.
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Map 109: Cycle One West Virginia Stream Condition Index Raster Categorized.
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Map 110: Cycle One West Virginia Stream Condition Index HUC 8 Quartile.

200

Map 111: Cycle One West Virginia Stream Condition Index HUC 10 Quartile.
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Map 112: Cycle One West Virginia Stream Condition Index Raster Quartile.
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Map 113: Cycle One West Virginia Stream Condition Index HUC 8 Standard Deviation.
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Map 114: Cycle One West Virginia Stream Condition Index HUC 10 Standard Deviation.
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Map 115: Cycle One West Virginia Stream Condition Index Raster Standard Deviation.
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Map 116: Cycle One West Virginia Stream Condition Index HUC 8 GI*.
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Map 117: Cycle One West Virginia Stream Condition Index HUC 10 GI*.
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Map 118: Cycle Two West Virginia Stream Condition Index Stretched Raster.
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Map 119: Cycle Two West Virginia Stream Condition Index HUC 8 Categorized.

209

Map 120: Cycle Two West Virginia Stream Condition Index HUC 10 Categorized.
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Map 121: Cycle Two West Virginia Stream Condition Index Raster Categorized.

211

Map 122: Cycle Two West Virginia Stream Condition Index HUC 8 Quartile.
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Map 123: Cycle Two West Virginia Stream Condition Index HUC 10 Quartile.
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Map 124: Cycle Two West Virginia Stream Condition Index Raster Quartile.
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Map 125: Cycle Two West Virginia Stream Condition Index HUC 8 Standard Deviation.
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Map 126: Cycle Two West Virginia Stream Condition Index HUC 10 Standard Deviation.
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Map 127: Cycle Two West Virginia Stream Condition Index Raster Standard Deviation.
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Map 128: Cycle Two West Virginia Stream Condition Index HUC 8 GI*.
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Map 129: Cycle Two West Virginia Stream Condition Index HUC 10 GI*.
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Map 130: Difference West Virginia Stream Condition Index HUC 8 Categorized.
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Map 131: Difference West Virginia Stream Condition Index HUC 10 Categorized.

221

Map 132: Difference West Virginia Stream Condition Index Raster Categorized.
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Map 133: Difference West Virginia Stream Condition Index HUC 8 Standard Deviation.
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Map 134: Difference West Virginia Stream Condition Index HUC 10 Standard Deviation.
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Map 135: Difference West Virginia Stream Condition Index Raster Standard Deviation.
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Map 136: Difference West Virginia Stream Condition Index HUC 8 GI*.
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Map 137: Difference West Virginia Stream Condition Index HUC 10 GI*.
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Map 138: Difference Total Habitat and WVSCI Change Raster.
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Map 139: Difference Total Habitat and WVSCI Change HUC 10.
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Map 140: Difference Impervious Surface and WVSCI Change HUC 10.
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Map 141: Difference Water (Land use) and WVSCI Change HUC 10.
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Map 142: Difference Developed (Land use) and WVSCI Change HUC 10.
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Map 143: Difference Barren (Land use) and WVSCI Change HUC 10.
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Map 144: Difference Forest (Land use) and WVSCI Change HUC 10.
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Map 145: Difference Shrub/Grassland (Land use) and WVSCI Change HUC 10.
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Map 146: Difference Pasture/Cultivated (Land use) and WVSCI Change HUC 10.
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Map 147: Difference Wetland (Land use) and WVSCI Change HUC 10.
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